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Thi s resea rch proj ect was i ns t i gated i n  an a ttempt to prov i de 

i nforma tion  on the rad i ograp h i c anatomy of equ i ne thorax wh i ch 

would enable s pec i fi c  i n terpretati ve cri teri a to be d eveloped 

i n  the d i agnos i s  of equ i ne pulmonary cond i ti ons . In order to 

accurately characteri se the structures i n  the thorax a number 

of ex i sti ng i nvesti gati ve tec hni ques had to be mod i fi ed for 

use  i n  equ i ne subj ects . 

a .  

I n  the absence of an ex i sti ng  method at the t i me � a s imple method 

of perform i ng bronch ograms on  standi ng consc i ous  horses was 

developed . The techn i que i nvolved i nsufflati on of  100  - 200gms 

of fi nely powdered Bari um Sulphate mi xed with 3 -7gms of powdered 

methyl cellu l ose from an ether vapouri ser connected  to an i ntra 

tracheal tube and  suppli ed w i th compressed a i r from a gas  

cyl i nder . Good v i suali s ati on of  bronchi al branches  down to  the 

seventh a nd e i g h th generati ons  were obta i ned  i n  all but the mos t  

dorsal bronchi al branches . Eli mi nati on of resi dual contrast a gent 

was rapi d and  i nflammatory res ponse determ i ned by s eri al h i s tologi cal 

stud i es was mi n i mal . 



Attemots at  pulmonary arteri a l  angi ography i n  the stand i ng horse 

were abandoned owi ng to adverse pati ent reacti on i n  favour of  a 

simi1ar techn ique  i n  anaestheti sed an ima l s, however a s  a resu l t  

b . 

of difficu l ti es encountered wi th thi s techn i que  on ly  a sma l l seri es 

of angiograms was performed wi th m i xed resu lts . 

Fume fi xati on of the equ i n e  l ung was performed ut i l i s i ng the hot 

formal i n  vapour techn i que of Wri ght et .�. , ( l974 ) resulti ng  i n  the 

successfu l  producti on of severa l sets of 11phantom11 l u ng s  on wh i ch 

exten s i ve r adi o l og i c a l  and  gross  anatom ica l  stud i es were performed 

i n  an attempt to relat: the 1 1 i n v i tro 1 1  a ppearances wi th those 

of p l a i n  radi ographs of the thorax of s tandi ng horses . 

Carefu l exami nati on of the resultant rad i ographs  and corre l ati on 

of d i fferi ng a ppearances prov i ded by the contrast techn i ques  

demonstrated a number of  i mportant di agnosti c poi nts . On the 

p l a i n  rad i ograph a greater number of generati ons of pu l monary 

arteri es ,  vei ns a nd bronchi can be accurately i denti fied i n  the 

horse compared to othe r s peci es . In  addi t i on , despi te a 

s im i l ar subgross  and s uperfi c i a l  rad i ographi c anatomy to man , 

the horse demonstrates an  a rteri a l  and venous branchi ng pattern 

exact l y  the reverse i n  a ppearance . Thus monopodal  branch i ng i s  

a feature of the pu l monary arter i a l  system whereas  d i c hotomous  

smoo th branch i ng i s  the norm for  equ i ne pu lmonary vei ns. 

Marked between an ima l  vari ati on i n  the pattern o f  bron ch i a l branch i ng 

was a l so noted howe�er  i t  was not determi ned i f  thi s  was  a t rue 

vari at i on in anatomi ca l  branchi ng or the res u l t  of wi d e l y  vary i ng  

degrees of  bronch·oconstri cti  on . The  1 atter effect was very ma rked 



in some bronchograms when atropi ne s u l phate wa s not used  pri o r  

to bari um s u l phate i n suffl at i on dur i ng bronchog(aphy . Perhaps  

the most i mportant res u l t of the corre l ati ve study was the 

ability to a ccurate ly  i denti fy bronchi a l  and vascu l ar branches 

over the greater poi nt of the l ung f i e l ds  as a resu l t  of  pri o r  

knowl edge of  the i r  branch i ng patterns obtai ned from the contras t  

studi es . 

No attempt was made i n  th i s  s tudy to  re l ate the rad i oanatom i c a l  

fi nd i ngs  t o  known c l i n i ca l l y  apparent pul monary condi ti ons . Such 

research was he l d  to be appropri ate for a fo l l ow up  study . 

c .  
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RAD IOGRAPH I C  ANATOMY OF THE EQU I N� LUNG 

I NTRODUCT ION  

Radioloqi cal  exami nati on of  the  horse's thorax  i s  current l y  

performed i n  veteri nary practi ce a s  an a i d  to  d i a gnos i s  i n  the 

vari ous resp i ratory and card i ovascu l ar d i sorders affecti ng th i s 

spec i es . I n  the pas t ,  i nterpretati on of these rad i ographs  h a s  

rel i ed heav i l y  o n  operator experi ence , rather than rad i o l og i ca l  

cr i teri a estab l i shed through  sc i enti fi c i nvesti gati on, thi s  

be i ng substanti ated by the l ack  of l i teratu re on the s ubject 

( Kangs trom , 1 968; Ki ng , 1980 ) . 

1 

I t  i s  the a i m  of th i s study to characteri se as  accurate ly  a s  

pos s i b l e  the anatomy of the heart , l u ngs and  pu lmonary vascu l atu re 

routi nely v i s i b l e  on  equ i ne thorac i c rad i ographs . I t  i s  hoped 

that some of the pri nci p l es es tab l i shed here wi l l  be of  value 

i n  the devel opment of s peci fi c i nterrretati ve cri ter�a, essen t i a l  

i f  objecti ve u n i vers a l  a ppra i s a l  of equine thorac i c radi ographs  

i s  to  be achi eved . 

I t  was evi dent from an exami nati on of the c urrent l i terature 

at  the outset of th i s  study that adaptations to a number  of s tandard 

rad i ograph i c techn i q ues wou l d  be needed to estab l i sh these 

cr i teri a i n  the horse . Consequently ,  modi f i cati ons to  the 

techn i ques of b ronchography , ang i og raphy and  fum� f i xati on of 

horse l ungs  were devel oped to prov i de the b as i c  i nfo rmat i on on 

anatomy and s pati a l  rel ati onsh i ps of structure w i th i n the  lung 



so that corre l ati ons cou l d  be  made w i th rout i n e  thorac i c 

radiographs . 

From th i s  i nformati on  a set of radi og rap h i c  a n atomi ca l  cri teri a 

was establ i shed i n cl udi n g  a deta i l ed descri pt i on  of the  var i ou s 

eiements present on thorac i c radi og raphs . A c l ear u nderstand i n g  

of the anatomi ca l  a s soci ati ons between the v a ri ous structures 

v i s i b l e  i n  the norma l s i tuati on was consi dered essenti a l  to 

2 

ena b l e accurate extracti on of i nformati on from thorac i c rad i ographs  

of horses wi th res pi ratory condi ti ons . However  no  attempt was made  

to  corre l ate the  11Si gns " of  resp i ratory d i s o rders recogn i sed  

on  human , can i ne and even equ i ne thoraci c rad i ographs  w i th the 

des cri bed patterns of rad i ograph i c  anatomy s i n ce such a study 

was fe l t  to be beyond the scope of a Master's thes i s .  



CHAPTER I - L I TERATURE REV IEW 

Thoracic Rad i o l ogy 

A. General 

Thoracic rad i o l ogy i s  a major  d i agnosti c tool  used  extens i ve ly  

i n  human med i c i ne a nd  by the  veteri nary profess i on on  the sma l l 

domesti c an ima l  s pec i es . 

Much i nformati on i s  a vai l ab l e on the rad i ograph i c recogni ti on of 

d i sease patterns i n  humans  and  'sma l l a n ima l s.  There a ppears , 

however to be a l ack  of knowl edge regarding  u nderstand i ng of 

anatomi ca l , phys i o l og i ca l and pathol og i ca l  changes  as soc i ated 

wi th  thorac i c  rad i ogra phy i n  l a rge a n ima l s .  I n  order to ach i eve 

accurate di agnos i s of  l ung  d i sorders u s i n g  rad i o l ogy as the 

d i a gnosti c method , a better understand i n g  of the fundamental 

anatomy and associ ated  rad i o l og i ca l  patterns i s  essenti a l . 

Once the fundamenta l features of pattern change have been 

determi ned , d i sease  p rocesses and thei r a s so ciated rad i o l og i ca l  

changes shou l d become eas i er t o  i denti fy. 

B .  P l a i n  Radi o l ogy 

( i ) Smal l An ima l  Spec i es 

3 

Thoraci c rad i og raphy has been performed i n  cat s  and dogs  for many 

years resu l ti ng  i n  an abundance of l i terature on techn i que  and  

i nte rpretati on . The  norma l radi ograph i c  p rofi l e  i n  the  hea l thy dog  

has been c l ea rl y  descri bed ( Doug l as , 1 970 ) ,  whereas  morphol og i ca l  

changes a ssoci ated wi th  age , a s  detected by radi og raphy , were 

reported by Rei f a nd Rhodes ( 195 6 ) .  



Suter (1966} attempts to enhance the reader's u nderstandi ng  of 

both lower a i rway d i s ease a nd pu l monary parenchyma l d i sease  a s  

they are man i fes t  on•thorac i c rad i ographs . I n  a nother report , 

a sys tem of i denti fyi ng  changes i n  d i ssemi nated dens i ti es 

characteri st i c of certa i n bas i c  d i sease patterns  i n  sma l l a n i mal 

thoraci c  radi og raphs i s  descri bed ( Suter and C h�n . 1 968 ) . The 

fou r s tructura l  un i ts affected wi th i n  the l un g  form the bas i s of 

th i s  c l ass i fi cati on , i . e .  -

1 .  A l veol ar  

2 .  I ntersti t i a l  

3 .  Bronch i a l 

4 .  Va scular 

Recogn i ti on of these patterns a i ds i n  the eventua l  d i agnos i s of 

di s semi nated pu l monary di seases i n  sma l l a n ima l s as  the maj ori ty 

of these d i sorders i n  dogs and  cats can be acc u rately g rouped 

to the rad i o l og i ca l  pattern they exhi b i t .  

4 

I n  human medi ci ne such  g roups  of d i seases , exh i b i t i ng a part i cu l a r  

pattern when v i ewed radi og ra ph i ca l ly  have been des i g nated a s  

11gamuts 11 ( Fel son , 196 1 ) . Th i s  group i n g  of d i seases  based  on 

rad i ograph i c patterns can a l so  be app l i ed to the i nterpretat i on 

of can i ne and thoraci c  rad i ographs ( Suter , 1966 ) . 

Feli n e  thoraci c rad i ographs have been accepted a s  be i n g  anatomi ca l ly 

s imi l a r to those of the dog wi th the excepti on of some mi nor 

vari at i ons, such as  the bronch i a l  wa l l s  whi ch , owi n g  to  �he i r th i nness  

i n  the  cat , are d i ffi cu l t to  v i sua l i se on thorac i c rad i ographs 

( Suter and  Chan , 1968 ; Lord , 1976 ) . 



(ii) Large Ani ma l  Spec i e s  

The literatu re conta i n s  few reports of  thorac i c  rad i ography i n  

cattle. A techn i que h as been descri bed for l atera l thoraci c 

radiography i n  stand i n g  adu l t cattle ( Lee , 1974 ) . A resume of the  

normal radi o l ogi ca l  a natomy of the bovi ne l un g  fi e l d  and  a 

descri pti on of the rad i ol og i ca l  features of severa l cattl e 

res p i ratory d i seases i ncl ud i n g  paras i ti c  bronch i ti s ,  bovi ne  

farmers l ung , bronchopneumon i a  and  chroni c pneumonia was 

a l so g i ven . A s i mi l ar rad i ograph i c  techn i que has been used to 

d i agnose tubercu l os i s ,  traumati c peri card i ti s , pneumoni a and 

pu l monary oedema in cattl e and buffa l o  ( Bhargava and Tyagi  , 19 7 5 ) . 

A l i terature search revea l ed few rel evant arti c l es on the use  

of  thorac i c  rad i ography i n  the  horse . Di ffi cu l t i es i nvol v i n g  

restra i nt ,  equ i pment demands , l ack  of fo l l ow u p  i nfo;�mation and 

cost a re probab l y  res pons i b l e  for th i s  vo i d .  A paper presented 

by Bol tz ( 1936 ) descri bes the rad i ograph i c  anatomy of the equ i n e  

l ung , incl udi ng  a descri �ti on o f  the techn i que  for standing  

l ateral thoraci c rad i ography i n  t he  horse a s  wel l as the 

i nterpretati on of the s pat i a l  rel ati onsh i ps  of the vessel s ,  

a i rways and associ ated anatomi ca l structures. 

method for equ i ne bronchography a 1 so appears , 

A prim i ti ve 

The rad i ograph i c  

appea ra nce of a sp i rati on  pneumoni a� gangrenou s  pneumon i a  and  

carc i noma of  the  p l eura i n  l a rge a n i ma l s was descri bed by Gruner  

and S i egert ( 1955 ) . The rad i ograph i c  techn i qu e  adopted by Bol tz 

was u ti l i sed by these authors . 

Wi l l i ams et. � ,( 1965 ) reported a techn i que for studyi ng  the 

5 

equ i ne heart i n  the l atera l  standi n g  vi ew .  I n  thi s report , a h i g h  



6 

K!l V ' low exposure time technique was employed in conjunction with 

a synchronised tube-cassette sys tem . Adoption of this method 
� 

in thoracic radiograph? of 28 horses and  one donkey enab l ed 

pneumonia to b e  diagnosed in a l l anima l s  examined ( Kangstrom , 1 9 68 ) . 

Two radiographica l ly  dis tinct forms of pneumonia in horses were 

described . 

( a )  Pneumonia without abscesses ; with diffus e  a reas  of 

tissue  consol idation in the ventrocauda l  l un g  a rea , 

often accomapnied by increas ed vascu l arity and  thickened 

bronchi a 1 wa 11 s .  

( b )  Pneumonia with we l l de l ineated abscesses s pread throughout  

the l u ngs , s een radiographica l ly as  dense , often con so l idated 

areas of parenchyma. 

Rendando et . �. , (1979) , in a brief resume of  the norma l 

radiographic anatomy of the equine chest described  the spatia l 

re l ationship of the maj or  thoracic s tructure s . A series of fou r 

case  histories were presented with as sociated radiographs  a nd  

dis cus sion aimed at improving diagnostic efficiency from thoracic 

radiographs . 

In many instances , general references to the usefu l ness  of radio -

g raphy are made by authors writing a rtic l es o n  respiratory diseases  

in the  horse , but  se l dom are specific examp l es of technique o r  

res u l ts cited ( Cook , l976 ; Beech , 1979 ) .  

C .  B ronchography 

B ronchography is a technique  by which the airways of the  l un g  c an  

be high l ighted by the infil tration of radiopaque contra s t  media . 



This method not only faci l i tates c l i n i ca l  d iagnos i s  but enhances 

aporeciation of the anatomi cal  and spatia l  re l at i on s h i ps  of 

bronchial structures vi s i b l e on  radi ographs . 

r·\ w B h h 1 � _; �ma n . ronc og�y 

7 

Early reports on bronchography·i n the human pat i en t  u s i n g  d ry 

Bi smuth powder as the contrast agent ( Jackson� 1 9 1 8 )  p receeded 

the use  of i od i nated poppyseed oi l wh i ch was to  become the med i um 

of choice wi th the deve l opment of techn i ques . I od i nated poppyseed 

oi l s  were not wi thout p rob l ems and these agents were.shown to i nd uce 

anaphyl acti c  reacti ons and acute i od i sm when u ti l i sed for 

bronchography ( Sumner , 1951 ) .  

Di ffi cu l t i es were encountered wi th ensu ri n g  adequate depos i t i on of 

bronchograph i c  contras t agents i nto the a i rways . Carboxymethy l -

cel l u l u se ( CMC ) was fou nd to pos sess a l ow surface tens i on wh i ch 

when  combi ned wi th radi ograph i c  contrast agents as a trans port 

med i um , cons i derably enhanced penetrati on of the  contrast  mater ia l s 

\'Ji th i n  the a i rways (Moral es et .�. , 1948 ) . A l ater study of the 

ti s sue reacti on to the most commonly u sed bronchog raph ic  mater ia l s 

namel y  CMC , poppyseed o i l and peanut o i l conc l u ded that none of  

these  materia l s i nduced chron i c  changes i n  rabb i t l un g  t i s sue  

( Ch ri st i fordi s et .�. , 196 7 ) . 

Bari um sul pha� sol u ti ons  contai n i ng CMC were found to be  

excel l ent contrast agen ts for the purpose of b ronchog raphy and had 

the advantages of l ow cost , rap i d  cl earance from the l un g s  fol l ow i n g  

admi n i strati on and no  obvi ous i nflammatory reacti on  occu rred w i th 

thei r use  ( Tei xi e ra et .�. , 1 9 59 ; Ne l son et . �. , 1 9 59 ; Wi l l so n  

et . �. , 1959 ; Nel son , 1 964 ) . 



Bror.chography was l ater attempted ut i l i s i ng a n  i nha l ed 

nebulised so l ut i on of bari um s u l phate and CMC ( Shook et .�. , 1970). 

Inhalation bronchograp.hy has  the advantage tha t  the a i rways are 

o�ly 1ined wi th contrast  materi a l  rather than bei ng fi l l ed, thus 

faci1i�ati ng rap i d  e l i mi nati on  pf the radi opaque materi a l , a s  

wel l  a s  i nduci n g  l es s  resp i ratory d i stress  dur i ng the enti re 

procedure . The rad i og raph i c  deta i l obta i ned by th i s  method i s  a s  
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good , i f  not s uperi or , to l i qu i d  bronchography because  a doub l e 

contrast  effect i s  produced owi ng to the presence of the a i r i n  

the bronch i a l  l umen . 

More recently i nha l ati on  bronchography u s i n g  powdered  Tanta l um as  

the contrast agent  has become more wi de ly  accepted . Th i s  e l ement 

i s  approx i mate ly  25 times more rad i opaque than  the i od i nated 

compounds and the mi nor  amount necessary for g ood bronchograph i c  

vi sua l i sati on does not affect pu l monary funct i on (Sch l es i nger  

et . �. , 1975). Tanta l um i s  bi o l og ica l ly  i nert  so  s t imu l ates 

no i nfl ammatory response at  the mucosa , and  i s  e l i mi nated rap i d ly  

from the  l ungs . I ts d i sadvantages however i nc l ude cost  and  tendancy 

towards s pontaneous combusti on when ag i tated i n  the presence of 

oxyge n  (Nadel et .�. , 1968: L l amas , 1969; P ickard et . �. , 1970; 

Gamsu e t . �. , 1971; Fri edman , 1972; B i anco , 1974; Sch l es i n ger , 1975; 

Di l l ey and Nade l , 1976). 

Trapne l l and Gregg (1969), i n  a retrospecti ve s tudy on  at  l ea s t  

100 human bronchograms descri bed severa l  i mportant i nterpretati ve 

cri teri a .  The norma l bronchus  was descri bed as bei ng a tubu l ar 

shadow wi th i ts wal l s  bei n g  coated wi th contra st  materi a l  wh i l e  

i ts l umen i s  fi l l ed wi th  a i r .  The bronch i a l  wa l l s  are approxi mate ly  



pc.ra1lel although they taper s l i ght ly  towards the peri phery .  

Bronchography may h i g h l i g ht three s i gns suggesti ve of bronch i a l  

obstruct i on , these be�n g ; i ncompl ete or  absent peri phera l f i l l i ng 

of b:onchi wi th contra st  materi a l ; a " so l i d" b ronch i a l s hadow ; 
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or bubbles of a i r i n  the b ronchus . Loss of ·pa ra l l e l i sm of b ronch i a l  

wa lls indicates abnorma l i ty ,  for i n stance b ronchi ectas i s . 

Bronchography proves a n  i nva l uab l e  a i d  to the early di agnos i s  

of h uman pu l monary carc i noma . S i g n s  i nd i cati ve  of abnorma l b ronch i 
. . 

wh ich  may be due to neop l a st ic  i nva s i on i ncl ude  b ronch i a l  amputat i on ; 

stretched or bent b ronch i ;  asymmetr i ca l  narrowi ng  of a bronchus ; 

or i ndentati on of the a i rway ( Ri nker et . �·, 1968). 

( i i )  Can i ne Bronchography 

Bronchography was used as  a d i agnosti c techn i que  i n  the dog as  

ear ly  as  1959. Doug l a s and  Ha l l (1959) reported a method of 

performi ng  bronchography i n  the anaestheti s ed dog u s i ng propy l i odone 

so l ut i on as the contrast  med i um ,  but  l i tt l e i nterpreti ve materi a l  

was presented . 

I nha l ati on bronchography i n  the dog i nvo l vi n g  the i ntroducti on of 

d ry mi cron i sed ba ri um s u lphate i n to the a i�days of an  anaestheti sed 

pati ent  was descri bed by Meyers and N ice (1963). Good qua l i ty 

bronchograms \'/ere obta i ned u s i ng  thi s method especi a l ly when dry 

1 1Methoce l "  ( CMC ) ,  was i ntroduced to the a i rways pri or to the 

a dmi ni strati on of the contras t  agent . The bari  urn s u l phate appea red 

to  be  rap i d ly  cl eared from the l ungs as post b ronchograph i c  fi l ms 

taken at  24 and 48 hou rs revea l ed no res i dua l  contrast materi a l . 

Thi s  was substanti ated by post-mortem h i sto l og i ca l  exam i nat i on . 



One dog recei ved approx i mately 50 t i mes the recommended dose 

of barium su l phate but showed no  i l l  effects and c l earance t i me 

was approxi mate ly  48 Aours . 

1 0  

The coati ng e ffect o f  the vari ou s i nh a l ed rad i opaque mater i a l s o n  

the ai rways o f  dogs was compared a n d  it was reported that i ns uffi c i ent  

contrast was  obta i ned wi th powdered b ari um �l phate .d i onos i l o i l y , 

l i p i odo l , and vari ous  water so l u b l e  contrast  mater i a l s ( J oh n son 

and Howl and , 1968). However when a ba.t:' i um s u l phate , Methoce l l  

and  sa l i ne s u spens i on was del i vered as  an  aeroso l , sat i sfactory 

bronchograms were produced . No adverse reacti ons  to th i s  method 

were recorded . The fol l owi n g_year C l ement (1969) substanti ated 

th i s  work by demonstrati n g  that sati sfactory bronchograms cou l d  b e  

produced i n  the dog by us i ng  powdered methyl cel l u l os e  a n d  b ari um 

su l phate su spens i on del i vered by a nebu l i zer coup l ed to a pos i t ive 

pressure resp i rator . The contrast  agents were c leared rap i d ly  

from the a i rways i f  CMC was u sed to prepare the  mucos a . Converse ly  

i f  th i s  agent was not uti l i sed , the q ua l i ty of  t he  b roncho gram 

was poor and c l earance of  contrast material s l ower .  

The u se of the b ronchograph i c  agents propyl i odone ( D i onos i l o i l y )  

and aqueous bari um su l phare suspen s i on ( Redi -FLOW ) i n  the d o g  was 

reported by Meyers et . �  . •  1974). These  authors conc l uded that the  

qual i ty of  the b ronchogram was  s uperi or when b ari um s u l phaiewas u sed 

to that obta i ned wi th Propyl i odone . C l i n i cal l y , a m i l d  cough 

pers i sted for 24 - 48 h ou rs fol l owi ng  bronchog raphy , w i th  both 

materi a l s .  P ropyl i odone appeared to be c l eared more rap i d ly  

from the a i rways than bari um s u l phate and  l i tt l e s i gn i ficant residual 

contrast  materi a l  rema i ned after 12 hours when furthe r  radi ographs 



wer� taken. H i s to l ogi ca l exami nati on of post mortem s ecti ons 

two months fol l owi ng  Qronchography showed retent i on of b ari um 

su1ph�te to be greater,than  that of propy l i odone but pu l monary 

reaction to the former was l es s  severe . 

The qua l i ty of  bronchograms obtai ned fol l ow i ng admi n i s trati on of  

aqueous propy l i odone i n  the dog under vari ous a naestheti c regi me s  

was documented by C l arke and  Webbon ( 19 77 ) . They concl uded that 

anaestheti c techn i ques i nvo l v i ng  neuromuscu l ar b l ock i ng agents� 

wi th i ntermi ttent pos i ti ve pressure venti l ati o n  bei ng a�pl i ed� 

produced superi or  qua l i ty bronchograms i n  the dog when compared  

wi th other anaestheti c techn i ques . 

1 1  

The s ame authors rev i ewed bronchography i n  norma l-hea l thy dogs . 

U s i ng  the i r prev i ous ly  des cri bed anaesthet i c  techn i que they 

conc l uded that  gross  changes i n  a i rway s tructu re such as  bronch ­

i ecta s i s  or ste nos i s  were the on ly  constantly rel i ab l e s i gns  of 

b ronchograph i c  abnormal i ty .  These corre l a ted wi th featu res seen  

i n  human bronchog raphy assoc i ated w i th ear ly  b ronch i a l d i sease . 

I n terpretati on of norma l can i ne bronchograms was rev i sed  by 

Doug l as ( 1970 ) . He attempted to outl i ne those cri teri a wh i ch may 

d i fferenti ate between fau l ty techni ques and  fi ndi ngs wh i ch may 

correl ate wi th c l i n i cal d i sease . 

The norma l bronchus when outl i ned by contra s t  materi a l  appears to  

have a l umen wi th a tubu l ar shadow due  to the coati ng  of the 

bronchi a l  wa l l wi th contrast . The bronch i a l wa l l s  a l though 

gradua l ly taperi n g , a re approxi mately  para l l e l  ( Fi g . l . ) . 
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FIGURE l Diagrammat i c  Representati on of B ronchograms� 

both norma l and abnormal (Adapted from Dou g l a s , 1970 ) 

a .  The i deal bronchogram . 
B ronch i  have smooth 
taper i ng  wa l l s  wi th a 
ho l l ow l umen 
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d .  A l veo l ar f i l l i ng . 
Rare pheonomena 
assoc i ated wi th 
prol onged anaesthes i a  

b .  I nsuffi c i ent contrast  
agent . 

No peri phera l s pread 
of contrast .  No 
accumu l ati on wi th i n  
1 umen . 

e .  Gross  bronch i ectas i s .  
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c. B l ockage of bronchi  
by i nfl ammatory exudate . 
W i th or  wi thout the 
presence of a i r  bubb l es  

f .  The  i rregul a r  d i l a t i on 
and b l o ckage seen i n  
s evere chron i c  bronch­
i ti s .  

__.., -- ,.. ... 1 , •.• ,.. ___ - - v-r..;•••--·-- '• 



The appearance of the bronch i i n  vari ous forms of l un g  patho l ogy 

and in poor b ronchograms was wel l i l l u strated . 
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The ca�ti ons on  the d i agram a re adapted from th i s paper and out l i ne 

the basi c qua l i t i es of a good bronchogram a l ong  wi th the common 

reasons for fai l ure to obtai n a sati sfactory b ronchogram . 

( i i i )  Large Ani ma l  Spec i es 

The u se of bronchography i n  the l a rger a n i ma l  speci es i nc l ud i n g  

h orses  a n d  cattl e appears to have been mi n ima l . A l i terature 

search revea l ed l i tt l e s i g n i fi cant i nformati o n  on the s ubject . 

However Bol tz ( 1936 ) described a method of i n troduc i n g  l i q u i d 

b ronchograph i c agents vi a a tracheotomy tube to a cons c i ous h orse , 

wi th apparent enhanced v i s ua l i sati on of the mai n a i rways and l i tt l e  

reta i ned contrast  o n  s ubsequent rad i ographs . 

More recently however bronchography was attempted i n  four adu l t  

mi xed breed horses ( Wa l ker  et .�. , 1980 ) . The horses , hav i n g  been 

i mmob i l i sed wi th i ntravenou s succi nyl chol i ne were i n tubated and 

were posi ti oned ob l i que ly  i n  dorsa l  recumbency . Approx i mate l y  

100-130ml o f  100% w/v premi xed bari um su l phate su spens i on was 

i ns uffl ated i nto the cauda dorsal  as pect of one l un g . The horses 

recovered qu i ck ly  a l l owi n g  a stand i ng  l atera l rad i ograph to be  made . 

Exce l l ent b ronchograms were obtai ned wi th b ronch i a l v i s u a l i sati on b e i n g  

poss i b l e  to the l eve l  of t he  6 th generati on . E l i mi na t i on of bari um  

from the  l ung  was rapi d as  noted by seri a l  rad i ographs  fol l owi n g  

the p rocedure , and  h i s tol og i ca l exami nati on  of l ung  t i s s ue  fo l l owi n g  

post-mortem s i x  weeks l ater i nd i cated a very m i l d  i nf l ammatory 

response . 
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2. Anatomy of the Lung 

a) Gross Anatomy 

In order to deve l op an understandi n g  of s pati a l  re l ati onsh i ps between 
' 

vessels, airways and  other structu res  depi cted i n  thoraci c radi ographs� 

a basic understand i n g  of the g ross and  s ubgross pu l monary anatomy is 

es sential . S i nce th i s  study i s  ma i n ly  concerned wi th the hors e , 

the g ross p u l monary a natomy of thi s s pec i e s  wi l l  be descri bed . 

Hare ( 1975 ) , g i ves  a n  anatomi ca l  descri pti on of the equ i ne l ung . 

U n l i ke lungs  of other s peci es , notab ly the dog , h orse l u ngs a re not  

s ubdi vi ded i nto d i st i nct l obes by fi s s ures . I n stead they are d i v ided 

b i l atera l ly ,  i nto d i a phragmati c and card i ac  ( ap i ca l ) areas , w i th 

an  accessory l obe on the ri ght  s i de .  I n  the  horse , the  l u ng  occup ies  

on ly  a smal l p roporti on of the  area between the ri bs . The abdom i n a l 

organs  are s i tuated we l l  forward , wi th the d i aph ragm hav i n g  a 

promi nent concave cu rvatu re proj ecti ng  cran i a l ly  i nto the thorac i c  

cav i ty .  Thi s i s  an  i mportant fea ture to be cons i dered when 

radi ograph i ng the horse thorax as i t  tends to l i mi t the  fi e l d  

o f  v i ew to the i mmedi ate peri h i l af area  Wh i l e  obscu ri n g  detai l i n  

the  peri phery .  

b ) Subgross Anatomy 

The pri mary functi on  of the mammal i an l un g  i s  to effect resp i ratory 

exchange . To perform th i s  task adequately i t  possesses  mu l ti p l e  

th i n wal l ed d i sten s i b l e  a i r sacs  connected by a seri es  of re l ati ve ly  

ri g i d passages to  the exteri or .  The l arge conducti n g  tubes or  

b ronchi  l i e  outs i de t he  l un g  parenchyma but  enc l osed wi th i n  

i ntersti ti a l  t i s sues . 



Horsf�eld et .�. , ( 1968)  reported the res u l ts of  an  i nves t i g at i on 

intc the branch i ng system of the b ronch i a l  tree i n  man . The 
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authors conc l uded that i n  human a i rways t h e  branch i n g  sys tem i n  

suc:essive generati ons down to 0. 7mm d i ameter i s  one o f  a symmetri ca l  

dichotomy. Thi s system i s  one  i n  wh i ch there i s  vari at i on  i n  the 

l engths or d i ameters of the b ranches i n  a g i ve n  generation or  a 

vari at i on i n  the number of d i v i s i ons down to the  end  b ranches , or  a 

comb i nat i on of these two . 

D i sta l  to th i s ,  as far as  and  i nc l ud i n g  the  res p i ratory bronch i o l es , 

b ranch i n g  i s  by symmetri ca l  d i chotomy , where the  number  of  b ranch es  

i n  success i ve orders doub l es . Resp i ratory bronch i o l es g i v e  r i se 

to a l veo l ar d ucts by further d i chotomous branch i ng , terminat i n g  

i n  a l veol ar sacs . The branching pattern i n  th i s  reg i on i s  

bas i ca l ly  asymmetri cal d i chotomy but  becomi ng  more i rregu l a r i n  the 

d i s ta l  a rea of the a l veol ar  sac , p robab ly  because  morpho l ogy i s  

i nf l uenced by the need for space fi l l i ng of  the res p i ratory 

exchang�_un i t s  ( Parker ��.197 1 ) . 

The s ame authors , postu l ate that  the reason for the change  i n  

morphol ogy of  the a i rways i s  re l ated to respi ratory funct i on . 

As one progresses d i sta l ly from the pri mary bronch i , mas s  f l ow 

becomes l ess  i mportant and mol ecu l ar  d i ffu s i on more s i gn i fi cant  

as  the means  of gas  fl ow. D i s ta l ly there becomes a n  increase  i n  

c ross  secti ona l area a s  a comb i ned res u l t of the rap i d i nc rease  

i n  number of  b ranches and  the i r l es s  rapi d dec rease . i n d i ameter ,  

faci l i ta ti ng  gas movement by mol ecu l ar d i ffus i on .  



�A-·L "'1 • · h ' • et a 1 .· 1 '- �_.g,, , 1 n _._. , { 196 1 )  i n  a rev i ew of subgross  l un g  structu re 

in seven mamma l i an species showed marked spec i es  var i ati on  i n  

vasculature and  parenchyma l arrangement  w i th i n the l u n g . These 

authors questi oned the va l i di ty of much  of  the earl i er work on  

respiratory anatomy in  humans , whi ch by extrapo l ati o n  presumed 

human lung s tructure to be  s i mi l ar to vari ous a n i ma l  mode l s .  

Us i ng  latex i nject i on s peci mens  and  v i ny l i te corros i on  casts 

a s  mode l s ,  the seven s pec i es were grouped i nto three b as i c  

types based o n  p l eura l  s tructu re and the amount of s upport i ve 

connecti ve t i ssue  w i th i n the l ung  ( Tab l e 1 ) . ( Adapted from 

Tyl er et a l . ,  ( 1971) . ) 
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Type I ( cow , s heep and  p i g ) have  a pu l monary structure character i sed  

by very th i ck p l eura a nd  i ntrapu l monary connecti ve t i s sue  septa 

extendi ng a l most conti nuous ly  from the pl eura to the h i l ar reg i on . 

Th i s feature , i n  effect , d i vi des  the l un g  i nto we l l demarcated 

s econdary l obu l es . The termi n a l  a i r passages a re most ly  c l as s i f i ed 

a s  �ermi ;-;al b ronch i o l es  'r':i th few resp i ratory b ronch i o l es be i n g  

present . A s  t he  degree of  secondary l obu l ati on i s  cons i derab l e  

i n  these speci es ( commun i cati on between  l obu l es  i s  m i n i ma l ) a 

p ronounced e ffect on pu l monary d i sease patterns i s  p roduced . 

Study of the genera l bronchovascu l ar re l at i onsh i p w i t h i n the l un g s  

o f  the s peci es  exami ned demonstrated that i n  a n i ma l s o f  the  type  I 

g roup, because  of the we l l  deve l oped connecti ve ti s s u e  structu re s , 

the a i rways , a rteri es and  vei n s  are conf l u ent th roughou t  thei r 

course to the d i sta l  reg i ons of the l un g . 



Tab l e 1 : Subgross morphol ogy of horse l ung  compared wi th seven other speci es 

Spec ies  

I .  Catt l e  
Sheep 
Swi ne 

II . Dogs 
Cats 
R .Monkey 

I I I .  
Horse 
Man 

Lobul es 

Compl ete ly  separated 
Extens i ve i nterl obul ar  
connecti ve ti s sue 

Very poorly defi ned 
Li ttl e i n terl obul ar  
connecti ve ti s sue 

Incompl etely separated 
Extens i ve i nterl obul ar  
connecti ve ti s sue 

P l eura 

Th i ck 

Thi n 

Th i ck 

Typi cal D i sta l  Ai rway 

Termi na l  bronch i ol e 
Respi ratory bronch i o l es 
are rare 

Respi ratory bronch i o l e  
Term i nal bronch i o l es 
are s hort . 

Termi na l  bronch i ol e  
Res pi ratory bronch i o l e s  
are rare and poorly 
deve l oped 

Structures supp l i ed by the Bronch i a l 
Artery 

Bronch i ,  vasa vasorum of.PA & P 
P l eura and i nterl obul ar  ti ssue 

Bronch i  , vasa vasorum of PA & P 

Bronchi  , vasa Vasorum of PA & P 

P l eura and i ntera l veo l a r  t i s sue 
Some i ntera l veol a r  septa 

I-' 
-...,J 



The monkey, dog and cat s how a d i fferent pattern of s ubgross  

pulmonary anatomy , Type II . Lungs  of these species have thin 

pleural l ining wi th absence of septa l s tructures and reduced 

suppcrti ve tis sue  structure . Consequent ly , l obu l ation of t he  

lung i s  not noticeab l e t o  the degree seen in Type I lungs . 

Another contrasting feature bet\veen type I and I I g roups  is 

that  of the pattern exh i b i ted by the dista l a i rways . There 

a ppear to be no term i n a l  bronch i o l es i n  g roup II species b u t  
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there are wel l devel oped and  numerous res piratory b ronchio l e s  

l ead i n g  into l a rger a l veo l a r  ducts . I n  contras t  to  the type II 

pattern , the bronchi and pu l monary artery fol l ow a p a ra l l e l rout e  

throughout t h e  ti s sue  whereas the pu l monary ve i n  a ppears t o  fo l l ow 

a more d i rect rou te to the h i l u s .  

Several d i fferences in the vascu l ar s upp ly  to the l un g  extremi ties 

were descri bed by Mclaugh l i n  et .�. , ( 196 1 ) . I n  the  l ungs  of  

types I and I I I, the  p l eura and interl obu l a r  septa , whi ch are 

thick, deri ve the i r arterial  supply from the bronchia l a rtery . 

I n  the l ungs of type II , the p l eura i s  th i n and the a rteria l 

s upp ly  is prov i ded by the p u l monary artery .  The airways of a l l 

three types are s uppl i ed by the bronch i a l  a rtery which in turn  

terminates at the  level of the  d i s ta l  b ronchio l e .  Group I vesse l s 

s h ow some deg ree of b ronchi a l  a rte ry - pu l monary artery anastamoses  

whereas thi s feature i s  not  seen i n  s pecies inc l u ded  in g roup  II . 

The horse and  the human l un g  which form the third clas sifica t i on , 

Type I I I , occuwan i ntermediate position whe n  compared to the  other  



species i n  the s tudy .  Th i s  type is characteri sed by posses s i n g  

a moderately  thi c k  vas c u l ar p l eura hence  g i vi ng a n  incomp l ete  

1otular septal  pattefn . 

In both man and horse t he dista l a i rways appea r  to be rel ated 

c l osely to g roup I pos sess i ng both termi na l  bronch i o l es a n d  
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poorly devel oped respiratory bronch i o l es . The vascu l a r  a rrangement 

in these species a ppears to be a compos i te of g roup  I and  I I  

patterns wi th  the bronch i a l  a rtery supp lyi ng the p l eu ra. 

d i s ta l  a i rways and a l veol i ,  and  a l so formi ng anastamoses w i th  

the p u l monary artery . 

Krah l  ( 1 959 ) reports on the occurrence of a l veol a  pores { pores 

of Kohn ) i n  man and l aboratory an ima l s ,  and the presence of  

bronch i o l ar - a l veo l ar communicat i ons i n  cats and  humans . These  

structures  p l ay an i mportant rol e i n  the deve l o pment of p u l monary 

d i sease a s  t hey a l l ow both the s pread of mi croorgan i sms a n d  t he  

ex i s tance of  col l ateral venti l a ti on . F rom the interpretat i on 

of the subgross anatomy of the l u n g s  i n  the speci es s tud i ed , 

the human and  equ i ne p u l monary s tructures seem to be c l ose l y  

rel ated . Ho rses , therefore , wou l d seem to be the anima l of  

choi ce  for  respi ratory experi ments  i f  a ny i nference or  

extrapol a t i o n  to  the  human were to be  made (Mclaugh l i n e t .�. ,  

1961). 

For examp l e ,  Thur l beck ( 1964 ) i n  h i s paper enti t l es  "Heaves  i n  

Horses" , made many compari sons wi th  thi s c l as s i ca l  syndrome i n  

the horse to d i seases i n  man with s i mil a r  c l i n i ca l  and  patho l og i ca l  

featu res . A sthma� farmers l u ng , a n d  eos i noph i l i c pneumon i t i s  



all appear to be very cl ose ly rel ated to 11 Heaves11• In other 

species, s i mi lar condi t i ons seem to be  l ess  frequent , perhaps  

a feature rel ated to'the functi ona l anatomy of  the s tructures . 

3. The Interpreta t i on of Pu l monary Rad i ographs  based on 

Pattern Recogn i t i on . 
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In  human rad i o l ogy severa l a uthors have  dev i sed a d i agnosti c 

approach ba sed on rad i og raphi c patterns of the l un g  ( Fe l son , 19 73 ) . 

Vari ous a uthors have app l i ed thi s approach to the i nterpreta ti on 

of pu l monary di sease i n  sma l l a n i mal s ( Suter et .�. , 1968 ; 1974 ) . 

The bas i c pri nci pl es are s i mpl e and  mi ght  be s u i ta bl e  for 

extrapo l at i on to i nterpretat i on of equ i ne thoraci c radi ographs . 

D i s semi nated pu l monary dens i t i es can be d i v i ded i nto fou r  ba s i c 

patterns , bronch i a l , va scu l ar ,  a l veol ar  and i n terst i t i a l . 

Th i s assumes that a l l changes i n  pu l monary den s i ty on  radi ogra phs  

are due to an  i ncrease or decrea se i n  a i r ,  b l ood or  parenchyma l  

t i s sue . 

( a ) The vascu l ar pattern : 

The vascu l ar s tructures a re the most  eas i l y  d i scern i b l e  dens i t i es 

v i s i b l e  on  the norma l chest rad i ograph , but whether they a re of  

venous or a rteri a l  ori g i n i s  often di ffi cu l t  to  determi ne , 

part i cu l ar ly  towards the peri phery of the l ung  l obes . 

On p l a i n radi ographs the vei n s  appear l ess  rad i opag u e  (M i l ne ,  

1973 ) . The vesse l s can be  d i fferenti ated on  the ba s i s of ori entat i on. 

and characteri sti c appearance . On sma l l an i ma l  thorac i c radi og raphs , 



vesseis l ead i ng to the atri um are i denti fi ab l e a s  ve i ns ( Suter 

�+ a1 "9'"8) t:\... ._ • •  ,.I. 0 • The l eft pu l monary a rtery a nd i ts bra nches a re 

readily recog n i sab l e,i n l atera l rad i ograph s .  I n  dorso-ventra l 
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plates the l arge vesse l s  l atera l to the  b ronch i  are predom i nant ly  

arteries. 

I n  the peri phera l  l ung fi e l d  i t  i s  very d i ffi cu l t  to d i fferent i ate  

between arteri es  a nd  vei n s  on  p l a i n rad i ographs becau se the  

ves sel s are so  sma l l and fol l ow para l l e l paths . Peri pheral  

vascul ature wi l l  become more d i scern i b l e i f  the area has  a h i g her  

than norma l f l ow rate , for examp l e ,  i n  t he  ca s e  of  s econda ry 

hypervascu l a ri ty fo l l owi n g  damage e l sewhere i n  the l ung . 

Another fea ture wh i ch a i ds  i n  d i fferenti ati on between pu l monary 

arteri es and vei ns i n  humans i s  the fact that the arteri es run 

a s i nuous course towards the peri phery, taperi n g  as  they progress  

d i stal ly and  havi ng  an  i rregu l ar di chotomous  type branch i ng . 

I n  contrast , ve i ns s how a somewhat 1 1b l ocky 11 appearance , i . e .  

the wa l l s  appear to be para l l e l rather than taperi ng . The 

d i ameter of the vei n s  appears to i ncrease more abru pt ly  as 

b ra nches joi n the ma i n  vessel i n  essenti a l l y  a monopoda l  fas h i on  

( F i g . 2 ) (Mi l ne, 1973 ) . 

Felson ( 1973 ) s tates that i n  human chest rad i ographs, the p u l monary 

arteri es have more b ranches than the vei n s  and fol l ow the bronchi 

more cl osely , the sum of the d i ameters of the b ranches be i n g  a l ways 

g reater than the d i ameter of the parent a rtery . 



B. 

F IGURE 2 : ( From M i l ne ,  1973 )  

A .  Arteri a l  characteri sti cs  Smooth taperi ng  wa l l s  
wi th d i c hotomous branch i n g  

B .  Venous chara cteri sti cs Paral l e l s i des wi th tendency 
to monopodal branch i ng 
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Milne {1973 ) has  documented rad i ograph i ca l  anatomi ca l features 

which ai d i n  d i fferenti at i on of arteri es  and vei ns i n  the  h uman , 

but he re l ates vascular dens i t i es to r i b s hadows on  radi og raph s . 

Extrapol ati on of thi s work to an ima l  rad i og raphy i s  not pos s i b l e  

because of the bas i c anatom i ca l  d i fferences and the effect of 

posture on c i rcu l at i on . 

There are two maj or factors to be con s i dered when ana lys i ng 

vascu l ar  patterns on pu l monary rad i og raphs . F i rst l y  one shou l d  

ascerta i n  whether the a rter i a l  or  venous component i s  i nvo l ved 

or perhaps both . Second ly  one s hou l d  a l so be ab l e  to gauge  

whether the vascu l ari ty i s  norma l ,  i n creased or decreas ed . 

( b )  The Bronch i a l  Pattern : 

Al though the bronch i al system i s  best v i sua l i sed by means  

of  bronchography , the  rad i o l ucency provi ded by the  a i r 

i n  the l umi na of the l a rger  bronchi and the rad i odens i ty of 

the i r  wa l l s  a re often recogni sabl e ami dst the p rofu s i on of 
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shadows at  the l u ng h i l u s .  Th i s  i s  true for the h orse and dog , 

but  i n  cats and humans the rel at i ve thi nness of the b ronch i a l  wa l l  

ma kes i denti fi cat i on of the bronchi  d i ffi cu l t  i n  normal  l u ngs  

( Lord , 1976 ) . 

Dense, thi n , para l l el l i nes or r i ng- l i ke s tructu re s  mar k  the  

appearance of  the bronch i  i n  the  h i l ar area  of the  equ i ne and  

can i ne l ung ( Ki ng , 1 980 ) . I n  a l l  other regi ons of the l ungs  t h e  

rad i o l ucency o f  the a i r i n  the a l veol i and the rad i odens i ty o f  

the i ntest iu . a l  t i ssue  and vascu l ar mark i ngs  obscure  the 

bronch i a l  shadows on the radi ograph . However , i f  there i s  g ro s s  



pcthcl ogy present i n  the b ronchi or parenchyma the a i rways may 

b e c ome 8ore v i s i b l e  ( Suter and  Lord , 1974) . 
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An i ncrease i n  the thi ckness  of the wa l l  and ca l c i fi cat i on of the 

cart� l agenous  port i ons of the b ronchi  i n  o l der dogs , part i cu l ar ly  

the  so-ca l l ed chondrodys troph i c  b reeds further enhances v i s i b i l i ty 

of these s tructures ( Rei f ,  et .�. ,  1966 ) . P l a i n  rad i ographs of  

dogs wi th  bronchi ectas i s may show b ronchi a l  wa l l s  wh i ch have become 

thi c kened and  i rreg u l a r  wi th  s accu l ar d i l atati ons and  poss i b ly  

exudates . B ronchography provi des a better d i agnost i c tool i n  these  

cases . 

Thi c ken i ng of the bronch i a l mark i ngs and  l oss  of the i r d i s ti nctness  

on p l a i n rad i ographs are man i festati ons of bronch i a l and  peri b ronch i a l 

d i sease ( Sute r ,  �·�· , 1 974 ) . These workers a l s o proposed a 

correl at i on between the i nten s i ty of b ronch i a l changes and  chron i c i ty 

and severi ty of c l i n i ca l  s i g ns . The b ronch i a l l umen may be d i l ated 

or i rreg u l ar  i n  d i ameter , w i th the term bronch i ecta s i s only be i ng 

des i gnated to the permanent abnorma l tubu l a r  or saccu l a r  d i l at i on s  

wh i ch are  associ ated wi th chron i c  l ung  d i sease . 

( c ) The I n ters ti ti a l  Pattern : 

The archi tectura l  framework of the l u ngs  i s  the i nters t i ti a l  t i s sue  

wh i ch forms the su pporti ng  s tructu re for the bronch i ,  lymphat i c s , 

b l ood vesse l s and  a l veol i .  Inters ti ti a l  d i s eases enhance the 

v i s i b i l i ty of these dens i t i e s  by the depos i t i on of col l agenous o r  

fi brous materi a l  or by i ncreas i ng thei r fl u i d content .  A l though  

b l ood vesse l s  a nd  bronch i a l  s tructu res form part of t he  i nterst i t i a l  

framework they pos sess the i r own recogn i sab l e rad i ographi c  patterns . 



The i nterst i ti a l  pattern i s  the l east  defi n i te of a l l the patterns 

seen o n  thorac i c  rad i og raphs . Extens i ve and c l i n i ca l ly seri ous  

i nvo 1 vement of the i ntersti ti a l  t i ssues  may occur  i n  the  presence  

o f  rad i ograph i ca l ly  norma l l u ngs or  there may be  con s i derab l e  

i ntersti t i a l  i nvol vement evi dent on rad i ography but no c l i n i ca l  

man i festati on ( Fe l son , 1973 ) . 

Suter et .� . , { 1 974 ) state that there a re two types of i nterst i t i a l  

rad i ograph i c  patterns to be d i fferenti ated i n  dogs . The fi rs t 

consi sts of an  i ncrease of pu l monary dens i ty l acki n g  a defi n i te 

structure . Th i s type i s  assoc i ated wi th abnorma l i t i es i n  

i ntersti ti a l  s tructures whi ch cannot be  detected i nd i v i dua l l y  

( unstructured d i ffuse  pattern ) . 

Type I or u n structured i n tersti ti a l  den s i ty i s  d i sti ngu i s hed by 

the fo l l owi n g  rad i ograph i c  changes : ( Suter et .�. , 1974 ) . 

( a ) decreased rad i o l ucency of the parenchyma l area of the  

l u n g  fi e l d ,  u s ua l ly showi ng  general i sed or  peri h i l ar 

d i s tr ibut i on 

{ b ) the bronchi a l  l umi na show i ncreased l ucency ( "a i r 

bronchograms " ) 

( c ) d i mi n i shed contrast between parenchyma and vascu l ar  

structure s  or "vascu l ar smudg i ng " 

( d ) sma l l reti cu l ar or nodu l ar dens i t i es d i spersed throughou t 

the parenchyma between the va scu l ar structures . 

The contrast  of the l ung fi e l d  i s  decreased i n  th i s  pattern d u e  

t o  the i ncrease  i n  the rat i o  o f  i nters ti t i a l  t i ssue t o  a l veo l i ,  

hence g i v i n g  an i ncreased pu l monary dens i ty overa l l .  A reti cu l ar 

l i near pattern wi th i ntens i fi ed fi ne g ranu l ar nodu l es and  a genera l 

25 



l a c k  o f  d i s ti nctness  may be  the mani festati on of an acute  mas s i ve  

! n vol v emen t of the l ymphat i cs dur ing neop l ast i c metastas i s  

( Suter et . �. , 1968 ) . 

The second type of i nters ti ti a l  pattern i s  characteri sed by 

rad i og raph i c  changes of the i n ters i t i a l t i s sue  whi ch  a re mani fes t  

a s  nodu l ar o r  short l i near s tructures , a l thoug h  both types a re 

due to the s ummati on of abnormal  dens i ti es wi th i n the  l ung 

parenc hyma . 

The type I I  i ntersti t i a l  pattern i s  characert i sed  by d i s crete 

changes wi th i n  the archi tectu re of the parenchyma and may s how 

some of the fo l l owi ng featu res on p l a i n  rad i ograp h s  ( Suter  e t . �. , 

1974) . 
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( 1 )  Many evenly d i s tri buted , poorly demarcated nodu l ar dens i t i es 

( 2 -5mm d i ameter) or commonly cal l ed m i l i a ry nod u l es  ( e . g . funga l  

d i seases , tubercul os i s , neopl ast i c metasta s i s ) . 

( 2 )  Vari abl e numbers of wel l to di sc l 'eE::! t ly del i neated , rou nded 

nodu l es ( 3 -30mm d i ameter )  ( e . g . pr ima ry or  metastatic  neop l a sms , 

funga l  d i seases ) . 

( 3 )  Ret i c u l onodu l ar dens i ty mani fest  as  sma l l i rreg u l ar opac i t i e s , 

con s i s t i ng of s hort , l i near  or ret i cu l ar d ens i t i es wh i ch may 

be i l l defi ned , ( e . g . l ymphosarcomas ,  pri mary d i s s emi nated  l u ng  

tumors , pu l monary fi bros i s ) . 

( 4 )  Rad i o l ucent areas s urrounded by strands of i nters ti t i a l  t i s s ue  

g i v i ng t he  i mpress i on of  a honeycomb . Thi s s i gn i s  rare 

i n  sma l l ani ma l s  ( e . g . assoc i ated wi th bronchectas i s  and  

foca l  pneumonias , fi bros i s after vari ou s types  of c hron i c 

l u ng  d i sease  ( b ronchopneumoni a ,bronchi t i s ) . 
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The pattern o f  mi l i a ry nodu l a t i o n  i s  often a c haracteri sti c s i gn 

that haemi c spread of d i sease has  occurred wi th i n  the  l ung  

p a renchyma . D i fferent i a l  d i agnos i s must  be made between the  

nodu l a r dens i t i es of i nterst i t i a l  d i sease and  d i l ated vascu l ature 

s e e n  end on ( e . g .  d i rofi l ari as i s ) or the p resence  of 

bronch i ectas i s  wi th f l u i d accumu l ati on . The corre l a ti on of sma l l 

i rreg u l a r  opaci ti es w i th l u ng  d i sease shou l d  be made wi th caut i on 

as  s i mi l ar patterns a re commonly seen as part  of the  norma l age i n g  

process i n  sma l l a n i ma l s  ( Rei f ,  1966 ) . 

( d ) The A l veol ar  Pattern : 

I n  the norma l l u ng , the  a i r fi l l ed a l veol i p rov i de the  contras t  

med i um or backg round a gai nst  wh i ch the vascu l a r  tree may be seen  

on  the  thoraci c rad i ograph . When  the  a l veo l i a re i nvol ved i n  

d i sease proces ses thei r l umens  may ei ther become fi l l ed wi th 

tra nsudates , exudates , cel l u l ar materi a l  or  i n  the case of  

ata l ectas i s ,  the a l veo l ar sacs col l a pse . I n  th i s  s i tuati on 

the i n herent a i r contrast i s  absent so  a c hange i s  seen on 

pu l monary rad i og raphs . There are severa l c h aracteri s ti cs wh i ch 

enab l e  the rad i o l og i s t  to d i fferenti ate thi s a l veo l ar pattern from 

those patterns associ ated wi th bronch i a l , v a scu l ar and i ntersti t i a l  

d i sease . The fo l l owi n g  features  may be present  e i ther  a l one o r  

i n  combi nati on ( Suter et .£.l_. ,  1968 ; Fe l son , 1 9 73 ; Suter et . �. , 1 9 74 ; 

Lord , 1 976 ) 

( 1 ) As the a l veol i become fi l l ed w i th cel l s  o r  l i q u i d ,  the i r  

radi ol ucency i s  d i mi n i shed due  to a i r d i s p l acement . Con sequent ly  

t he  area of  affected a l veol i appears on  the  rad i ograph  a s  a 

patch of i n creased dens i ty aga i n s t  the norma l rad i o l u cency o f  

the remai n i n g  p u l monary t i ssue . Other s tructu res , for 



�xampl e the vascu l ature , become ob scured by the i ncreased 

a l veol ar  dens i ty in  contrast  to the i nterst i ti a l  pattern 

i n  wh i ch the i ne:rease i n  l u ng  dens i ty i s  not u s ua l l y  

• u ffi ci ent t o  mask  the ves se l s a s  the background  a l veo l i 

s ti l l  conta i n  a i r . The typ i ca l  rad i ographi ca l appearance 
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o f  a l veol a r  d i sease i s  that of mmogenou s ,  mott l ed p u l monary 

density wi th i l l defi ned f l u ffy marg i ns . 

( 2 )  There i s  a tendency for these "b l otchy den s i t i es 1 1 to 

coal esce wi th adj acent l es i ons , due to the h i gh degree of 

permeab i l i ty of the l ung  t i s s ue . 

( 3 )  Wi th  a l veo l a r  f l ood i ng , the norma l p u lmonary structures become 

obscu red due to the overly i n g  den s i t ies . The a i r  i n  the  

b ronchi  however , becomes v i s i b l e  aga i n st the dense  background  

as  we l l defi ned radi o l u cent b ranch i n g stri pes , the  s o -ca l l ed 

1 1a i r  b ronchogrc.m 11 • One must  be carefu l not t o  mi s i n terpret 

the l ucent a i r  s pace between vesse l s on norma l rad i ogra phs  

as  be i ng 1 1a i r  bronchograms 11 • 

(4) A s i mi l a r pri nci p l e  occurs i n  wh i ch groups of rel at i ve l y  normal 

a i r-fi l l ed a l veol i s tand ou t i n  contrast to s urround i n g  

rad i odense d i seased ti s s ue g i v i n g  t he  typi ca l  1 1 a i r  

a l veol ogram1 1• 

( 5 )  There a re some patterns of d i s tri buti on of pu l monary i nfi l trates 

wh i ch may su ggest a l veo l ar d i sease . 

( a ) The a l veol ar pattern i s  often noti ceab l e  on  a s egmenta l 

or l obar bas i s  wi th tendency of the l ower marg i n s  to 

become more vi s i b l e as  they present a barri er to d i sease  

spread . 

( b ) I n  some cases of bronchopneumoni a , sma l l a l veo l ar nodul es 

may appear adjacent to a bronchus . Th i s  i s  beca u s e  there 



i s  i nvol vement of a respi ratory b ronch i ol e  and  i ts 

as soci ated a l veol ar  ducts a nd a l veol i .  The se m u s t  be  

d i fferenti ctted from neopl a s t i c nodu l es wh i ch do  

not  show peri bronch i o l a r  d i s tri but i on nor do they 

coa l esce ( Lord , 1976 ) . 
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( c )  In human pu l monary oedema , there i s  common l y  a b i l a tera l l y  

symmetri ca l pattern i nvol v i n g  the h i l a r a n d  mi dd l e  

zones of the l u ng  fi e l d , a feature wh i ch i s  ma rked l y  ev i dent  

on dorsoventra l thorac i c rad i ographs as the  s o -ca l l ed 

"butterfly " pattern ( Fe l son , l 973 ) . 

( 6 )  The majori ty of a l veol ar  d i seases  a re of an  acute natu re , 

appeari n g  rapi d ly  and d i sappeari n g  equ a l l y  rap i d ly . Th i s 

i s  i n  pa rt due to the nature of t he  i nfi l trates i nvo l v ed . 

Al veol a r  i nfi l trati on by b l ood , transudates and exudates 

i s  common whereas i nterst iti a l  t i s sue i nfi l trati on i s  

u sua l ly fi brous and cel l u l ar hence more chron i c  i n  

devel opment . 

Confus i on may ar i se between the hazy or  "smudgy "  i ntersti t i a l  

pattern and  the a l veo l ar pattern . The former may b e  d i fferent i ated 

by i ts l es s er dens i ty and v i sua l i sati on  of the maj or vascu l at u re . 

Frequently though , the two patterns may occur  concurrent l y .  

4 .  Lung F i xati on 

I n  order to s tudy funct i ona l anatomy of the l un g  both g ros s l y  

and mi croscopi ca l ly i t  i s  des i rab l e to compare the i n  v i vo 

and i n  v i tro s i tuati on . 



I f  one attempts to ex ami ne  the eo 1 1  a psed 1 ung  e i ther gros s ly  o r  

h i s �o l og i ca l l y ,  a very u nnatu ral s i tuati on i s  p roduced . I t  i s  

a 1 s o di �fi cul t �o com?are post mortem radi ogra p h s  of l ungs w i th 

those seen i n  the l i v i ng ani mal s as the i nherent  natu ra l  con trast  

of  the a i r i n  t he  b ronch i a l tree i s  l os t . I t  i s  hence des i rab l e 

to  exam i ne the postmortem s pec imens i n  a more n atura l s i tuat i on , 

i . e .  i nf l ated . 

Radi ographs of i nfl ated l ungs fo l l owi ng carefu l d i ssecti on 

p rov i de usefu l i nformati o n  on a i rway and vascu l ar d i s tri but i on 

and rel at i onsh i ps . Such i nformation  can then be corre l ated 

wi th rad i ographs obta i ned from the l i v i ng an ima l , enabl i ng more 

a ccurate  anatomi ca l as ses sment . 

A recent study by Wri ght  �.�. , ( 1974 )  outl i nes  the l i m i tat i ons 

of  the methods of fume fi xat i on of human l ungs . These are 

br i ef ly  : 

1 .  I nj u red l u ngs wi l l  not stay i nfl a ted due to the passage of  gas  

th rough  the  perfora t i o n . 

2 .  If hot forma l i n  vapour i s  pas sed i nto co l d  l u n g  ti ssue , ( We i bel  

and V i done , 196 1 )  the s team wi l l  condense w i th i n the l ung , 

hence produc i ng a wet fi xati on techn i que pos s i b ly  resu l t i n g  

i n  unsati sfactory fi xa t i on o f  the upper parts of the l ung . 

3. I f  the l ung  i s  not fi x ed externa l ly ,  the t i s s ue  may decompose 

before the forma l i n  d i ffuses to the extremi t i e s . 

Wri ght  et .�. ,  ( 1974 )  therefore deve l oped a tec h n i que of fi x i ng 

the l ungs  i n  a c l osed box conta i n i ng heated 40% forma l dehyde . The 
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atmosphere i n s i de the conta i ner  i s  a l ways saturated wi th 

fo rma l i n  vapour thus  preventi ng t i s s u e  d ryi ng . An externa l  

c i rc u i t i s  u s ed to draw saturated hot  vapour from i ns i de 

t�e conta i ner vi a a p ump and back i nto the cann u l ated bronchu s . 

The atmosphere reach i ng the l ungs  i s  saturated wi th water vapo ur  

at  l un g  temperature so  the l u ng  ne i ther dehydrates or becomes 

water-l ogged . 

The pump i s  regul ated to del i ver vapour to the l ungs  at 

reg u l a r  i n terva l s  i . e .  the l u ngs a re actua l ly requ i red to 

breathe i n  the vapou r ,  then a l l owed to defl ate natura l ly , 

resu l t i ng i n  better penetra t i on of the gas . As  the l ungs  fi x ,  

3 1  

the vent i l ati on amp l i tude decreases s o  adj u stments need to b e  made 

i n  the pumpi n g  cycl e .  

Sati sfactory rad i ographs can be taken  of the gross  l ung  structure 

as  wel l a s  from s l i ced speci mens mounted on perspex . Compar i son  

of both antemortem and postmortem rad i ographs a l l ow l es i on s  and  

anatomi ca l  structures to be l oca l i sed  wi th i n  the parenchyma . 

Thi s method s eems to produce rapi d f i xati on wi th the mi n i mum of  

d i storti on , yet  enabl i ng both rad i o l og i ca l  and h i stol og i ca l  s tu d i es 

to be u ndertaken adequate ly . 



CHAPTER I I  - MATER IALS AND METHODS 

1 .  P l a i n  Rad i ography qf the Thorax 

In order to util ise a minimum exposure time tech nique  for thoracic 

rad i ography ,  horses were sedated beforehand .  Acetyl  Promazine* 

( 0 . 1  mg/kg intramuscu l arly 15 minutes prior to radiography )or  

Xyl azine** 3 -5ml / 100kg intravenous ly  5 minutes  p rior to 

radiog raphy ) were u til ised . The tranquilH sed horses were 

then p l a ced beside a wa l l  on which was moun ted an adj u stab l e 

cassette ho l der . 

3 2  

A n  E l ema -Shonander Trip l ex Optimatic 1023 D . E .  Xray a pparatus with 

a 200 Kv , 1 ,000 mA , three phase generator was u sed for this study 

together with Agfa Gevaert Curix RP2 fast  fil m  a nd  Dupont Quanta II 

Screens  { 3 5cm x 43cm ) . To prevent scatter , a focus sed g rid 

( g rid ratio 12 : 1 ,  40 l ines per cm ) was positioned at  a fi l m/focus 

distance of two meters . For most adu l t  horses  ( 400 -500kg l ive 

weigh t )  the range  of ex posure was : 75 - 90 kV de l i vered at 20 - 40 mAs 

for 0 . 05 - 0 . 1 3 seconds , depending on age , body condition and thoracic 

thickness . Every attempt was made to coincide the exposure with 

maximum inspiration to enhance the benefit provided by the natura l 

inherent contrast  within the thorax . 

* Acepromazine 10% so l ution for injection 

**Rompun ( Bayer )  2% so l ution for injection 



Acc � rate pos i ti on i n g  of the Xray tube was es sent i a l  i n  order to 

obt� i n adequate exposure of  the thorax . No attempt was made to  

ra d i o g ra p h  the  most cran i a l  porti on of  t he  l ung fi e l d  owi ng to the 

ex t;c d i ff i cu l ti es of pos i t i on i ng . Nei ther was any attempt made 

to oota i n dorsoventra l p rojecti ons of the thorax . Exposures 
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were taken from both s i des , wi th at  l ea st  two exposures on each  s i de 

to encompass  the majori ty of  the l u ng  fi e l d cauda l  to the heart . 

For card i ac ( crani oven tra l ) exposu re the X ray tube , mounted on a 

te l e scop i c cei l i ng crane , was focussed on a po i nt over the s i xth  

r i b ,  d i rectly cauda l to  the  o l ecranon . The  d i aphragmati c  

( caudodorsa l )  exposure was ta ken wi th the tube focussed a t  the l evel  

of r i bs 9 - 10  approx i matel y  15 -20cm bel ow the  wi thers . 

2 .  Corre l ati ve Study i nvo l v i ng Spec i a l  Procedures 

A) Pu l monary Ang i ography 

Pu l monary ang i ography was attempted i n  s i x foa l s  a l l of wh i ch were 

l es s  thctn one year o l d, tiws enabl i ng a s i ng l e exposure for the  

who l e  thoraci c area . 

I n i ti a l ly , attempts were made to obta i n pu l mona ry ang i og rams i n  the 

con sc ious  stand i ng a n i ma l  ut i l i s i ng a l atera l  thoraci c exposure. 

The horse was tranqu i l i sed  as prev i ou s ly  descri bed , and  the s k i n  

over the extended j ug u l a r  vei n desens i ti sed  wi th Xyl oca i ne 2% . 

A polythene catheter approxi mately 2 metres l on g  wi th i ntern a l  

d i ameter 5mm was i ntroduced i nto the external j ug u l ar  vei n v i a 

a meta l cannu l a .  The catheter was fed i nto the vei n a s  far a s  

the  heart where i t  was manoeuvred i nto the ri ght  ventri c l e  



( asc:::;ta i ned by a pres sure change of 3 -4 1 1 of b l ood i n  the 
' . 

ex ter-n a l  catheter \-Jhen he l d verti ca l l y ) . Wi th some d i ffi cu l ty 

th :o: ca theter was then man i pu l ated i nto the pu l monary a rtery .  

A p l a i n  thorac i c  rad i og raph  was ta ken wi th the pat i ent i n  a 

stand i ng pos i ti on ( fi l m/ foca l d i stance two metre s ) a s  

a control exposure . A s tandard pressure i njector wh i ch had 

been mod i fi ed to hol d 1 20 ml s of contrast agent was u s ed . 

Approx i mate ly  120 m l s of  Sod i um Iotha l amate* was i nj ected under 

pressure i nto the pu l mona ry artery v i a  the catheter i n  a 

t ime span of 0 . 5  sec . An e l ectron i c  t imer enab l ed rad i ographs  

to  be ta ken one  second fo l l owi ng i ntroducti on of contrast . 

The pati ent reacted so v i o l ently to the contrast  ente ri ng  the 

pu l monary ci rcu l ati on that  th i s  method was abandoned i n  favour 

of a s i mi l ar techn i que  i n  anaestheti sed an ima l s .  
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Anaesthes i a was i nduced u s i ng a comb i nati on of g lycero l gua i aco l ate 

( lOOmg/ kg ) and  Thi opentone ( 5  mg/ kg ) i ntravenou s l y  fo l l owi ng 

premed i cati on wi th Acety l promazi ne ( 0 . 1mg/ kg ) . Mai ntenance 

of  anaesthes i c  was wi th Hal othane del i vered vi a a to and fro 

semi c l osed anaestheti c apparatus . 

* Conray 420 , Sod i um Iothal amate i nj .  70% W/V, May a nd  Baker , 
equ i va l ent to 420 mg . i od i ne per ml . 



A catheter was introduced into the pul monary artery a s  previous ly  

d e s e r 1 bed and exposures ta ken with t he  casset� p l aced beneath · 

th2 foa l i s  thorax . Successive exposures were taken a t  0 . 5 ,  1 ,2 

a r. d  4 seconds fol l owing contract  injection . 

B )  Bronchography 

A tota l of 26  horses ( Tab l e 2 ) were subjected to the expe rimenta l 

procedure, severa l of these animal s undergoing the procedure 

two or three times . To ful fi l l the c riteria out l ined, the method 

chosen requi red insuffl ation of the bronchia l tree with a 

d ry radiopaque powder . 
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I n i ti a l ly  powdered ta nta l um metal was  tested as the  cont ra s t  medium , 

however this proved unsatisfactory in the form suppl ied by the 

manufacturers owing to the very sma l l particl e  size , resul ting  in 

poor mucosa 1 retention of the partic l es . Sati s fac':ory resu l ts 

were then obtained by substituting finely powdered barium sul phate 

for the tanta l um metal . 

After testing several techniques the fol l owing was deemed satisfactory .  

First ly , the trachea was intubated by passing a s tomach tube via the 

nose and ventra l nas a l  meatus, and with a l itt l e manipu l a tion pas sing 

the tube the 11�'>'rong way 1 1  down the trachea to some 10 to 1 2cm above 

the carina . For an adu l t  horse of approxi mate ly  500kg, 120- 160gms  

of barium su l phate powder* mixed with 5-7gms of  powdered  methyl  

* Micropaque powder - Nichol a s  Laboratories , L td . , S l ough ,SL1 ,4AU ,Engl and  



Horse 

2 

3 

4 

5 

6 3 

8 

ga 

Cl i n i c a l  Age 
Co n d i t i on ( Y rs ) 

Ch ron i c 24 
C J ugh i r.g 

Contt·acted 2 
tendons 

�iobb l er 2 

Polyarth ri t i s  1 

Hob b l er 

Ethmo i d  
haematoma 

Fra ct ure 
of t i b i a  

Wobbl er 

1 

7 

1 

1 

- - -- - · - --

Sex 

F 

F 

MC 

M 

F 

MC 

F 

M 

TABL E  2 - Su�mary of B ro n chogr�ph i c  Te chn ique and Res u l ts 

--------·-----·-

Approx 8aS04 �1ethyl Locul At ro p i ne b Res ul t Mdx . No _
c t1ea n  No _ 

c 
Con";:; n t s  e n  

Wei gh t (  Kg ) Ce l l u l o s e  Anaes t h et i c  Bronch i a l  Bronchi  a l B ro n c h o -
Gene ra t i on s  Genera t i o n s  g rams _ 
V i s i b l e V i s i b l e 

450 1 20gm 1 2gm No No Good 7-8 5-6 Good ventra l l y  
( B ro n c.h i t i s )  
Dys pnoea 
fol l 01�i ng 
b ronchogra phy . 

300+ 1 10 gm 4 gm No No Good 10- 1 1  7-8 Do rsa l l y poor 
fi 1 1  i ng . 

400 1 30gm 4gm No No Modera te 9 - 1 0  8-9 Coughed - good 
peri ph era l ly 
poo r cen tra l l y .  

250 l OO gm 2gm No No Good 1 2 - 1 3  7 - 8  Upper zones 
poo r l y  o u t l  i nec  

200 lOO gm 2gm No No Poo r  6 - 7  4 - 5  Poor dors a l l y .  
"Al veo l a r "  
reten t i on a t  P ,  

600 120gm 3gm No No r�o dera te 7-8 6 - 7  Very th i n  
coat i n g  -
I n s uffi c i e n t  
Baso4 . 

200 lOO gm 3gm No No Excel l ent I n comp l e te 
10- 1 1  8-9 do r s a l  fi l l i n g .  

" ,\ l veo l a r "  
re ten t i on a t  P .  

380 12Ugm 3gm No No f1oderate 5-7 4-5 Poo r  peri p h  ere 
fi 1 1  i ng . 
l n s uffi cent w 
Baso4 • O'l 



Ho rse  C l  i r: i  c a l  iige Sex Approx B a S04 �:ethyl Lor A 1 Atro p i neb Res u l t Nax . t\o . c .�1ea n No . r: (' : } '  ·, L :': l l  f�S ::u. 
Cor,d i t i on ( Y rs )  We i g h t (  Kg )  Cel l ul o s e  Anaes tneti c [J ronch i a l  [J ronch i � ·1 [l n)l \ci". o -

Genera t i ons Genera t l o ns Q l '::l ll� -; 
V i s i b l e  V i s i b l e  

----·--

lOa Neuro l ogi ea 1 4 MC 500 1 20gm 3gm Yes No Moderate 8-9 6-8 Good ventra l l y 
d i so rder poor 

peri ph e ra l l y .  

lla Ri ngbone 16 MC 550 120gm 4gm t>lo No Moderate 5 - 7  4 - 5  Good fi 1 1  i n g  
b u t  
f l o c c u l  a t  i o n  
from del ay . 

1 2a No rma l 4 M 450 120gm 4gm No No Poor 4 - 5  3-4 I n s u ffi c i en t  
Ba so4 - poor 
rete n t i o n .  

1 3  \�obb 1 e r  1yr 6mth MC 380 SO gm 6gm No No Poor 1 0 - 1 2  8-9 Cough ed - goo d 
peri ph e ra l l y 
b u t  poor 
centra l l y .  

14 Fractured 4 MC 450 120gm 6gm Yes Yes Good 7-8 5-6 I n s uffi c i en t  
cerv . s p i ne BaS04 . 

1 5  Sep t i c Aged F 350 1 20gm 4gm Yes No Poor 4-5 3-4 Coughed -
Arthri ti s I n s u ffi c i ent 

BaS04 . 

1 6  Nav i cu l ar 9 MC 300 1 20gm 6gm Yes No Good 9 - 1 0  7-8 Th i n  e ven 
Di s e a s e  coa t i ng -

poor dorsal l y .  

1 7  Fractured 10+ MC 500 160gm Sgm Yes No V . Good 1 2 - 1 5  1 0 - 1 1  Ma rked 
s capul a B roncho-

cons t r i c t i on .  

1 3  Ri r:gbone 6 i•IC 450 1 50gm 6gm No No Good 1 0 - 1 1  7- 8  Very good 
ventral l y-poor 
dorsa 1 l y  - s omE 
fl occul a t i on . 

w ""-.1 

----- ·- - - ---·------ ---- ---------- -·-------·-----· ·-· -· -----··---



Cl i ni c a l  Age Approx BaS04 r�ethyl Loca l b 11a x .  No . c (' 
.1o r s e  A t ro p i ne Res u l t Nt�(l ll �:o . r CuJ, Jg,� n r s  o n  

Cond i t i on ( Yrs ) Sex Wei g h t {  Kg ) Ce 1 1  ul o s e  Anaes t h e t i c  B ronch i a  1 B J ·o n ch i  <I I B t ·u n ,_: r ro ·· 
Genera t ·i ons Gen.era t i o ns g ran�> . 
V i s i b l e  V i s i b l e  

-------· 

19 F ra c t ure 8mth 11 150+ an gm 3gm Yes No t1od- Poo r 8- 10 6 - 8  Ex treme 
Fet l o ck b ro r.ch o -

c o n s t r i c t i on . 

20 Sp i ne i nj u ry 9 1·1C 450 200gm 4 gm Yes no Poor 5-6 4-5 F l o c c u l c. t i on 
a n d  contra s t  
l os s  from .• 

cough . 

2 1  O . C . D .  1 M 330 1 6 0gm Bgm No Yes Good 10-11 6-8 Good ven t ra l  
deta i l  - n o  
c o n s t ri c t i on . 

22 Navi c u l a r  1 5  MC 500 1 60gm 7gm No Yes Mod-Good 8-10 5-6 I n s uffi c i en t  
d i s e a s e  B a S O  4 - e o  ughed-

Fl occu l a t i o n .  

2 3  Normal 2 MC 400 120gm 6mg No Yes Excel l en t  1 2 - 1 3  1 0 - 1 1  Very even 
coa t i ng except 
dorsa 1 1  y .  

24 Expe ri menta 1 Aged F 450 200gm 6gm No Yes Good 10-1 1 8-9 Very good 
brood mare ventra l l y- some 

fl oc:cu l a t i on . 

2 5  Expe r i  men ta 1 Aged F 500 200gm 6gm No Yes Good 15-16 10 -12  Some 
b rood mare "Al veo l o ri z a -

t i o n "  o f  
conta s t . 

263 Mi tra 1 Aged t1C 450 160gm 6gm Yes Yes Good 8-10 7-8 �la rked 
reg u rg i ta t i o n  b ronchodi l ata·-

t i o n - th i n  c o a t  
o n l y .  

a - Hi s tol ogy performed 
b - l Smg Atrop i ne Sul phate I . V .  
c - ApproximJte v i sual  a s s es sment onl y .  

w 
CO 



ce l l u � ose , was de l i vered to the l ungs from an ether vapori zer* 

co�nected to a compre�sed a i r  supply ( F i g . 3 ) . A i r pressure 

wa s a dj us ted to produce a conti nuous c l ou d  of powder i n  the 

v a po r i zer wh i ch then passed v i a  the stomach tube to the l u ngs . 

Agi tati on of the vapori zer duri ng  i nsuffl a t i on i mproved the 

dens i ty of the c l oud . 

Attempts were made to co-ord i nate the shak i n g  wi th the 

i nspi ratory effort i n  those horses i n  wh i ch th i s  phase of 

resp i rati on was readi ly apparent . On average  the bari um 

su l phate/methy l ce l l u l ose mi xture cou l d  be  i nsti l l ed over the 

peri od of 50 to 100 spontaneous respi ratory efforts . 

Radi ographs of  the thorax were ta ken i mmed i ate ly . De l ays of  

even fi ve mi n utes reduced the  qua l i ty of the bronchograms 

obta i ned as a resu l t  of presumed muco-c i l i a ry acti v i ty i n  t he  

bronchi . 

Attempts to anaesthetise the bronch i a l mucosa us i ng a 10% acqueous 

so l u t i on of Xyl oca i ne  admi n i stered by a tomi zer** v i a the trachea l  

t ube  proved u nsati fa ctory as t he  degree of a naesthes i a obta i ned 

was i nsuffi c i ent  to prevent cough i ng  when the tube was removed . 

I n  addi t i on the Xy1 oca i ne appeared to i nduce bronchospasm 

as measured by the d i ameters of the bronch i  i n  the res u l tan t · 

bronchograms . The i ncorporati on  of Smg of i soprena l i ne i n  the  

anaestheti c sol ut i on  was i neffecti ve i n  preventi ng thi s 

comp l i cati on . 

* N . Z . I nd ustr i a l  Gasses , Pri vate Bag , We l l i ngton , New Zeal a n d . 

**Bennett Twi n 2814 Nebu l i zer , Bennett Respira t i on Products L td . , 
1265 Beatri ce Street , Los Angel es , Ca l i forn i a ,  USA . 
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Compressed 
air  

Tube in 
trachea 

vapor izer 

F i g .  3 D i agram of the system for del i veri n g  powde red bar i um 
s u l phate to the l ungs . Ai r del i vered under pre s s ure 
from the cyl i nder cau s es ag i tati on  of the powde r  i n  
the ether vapo ri zer creati ng a c l oud of contra s t  
materi a l  wh i ch i s  b l own down the i ntra trachea l  tube 
under pressure . Ag i ta ti on of the vapori zer  d uri n g  
i nsp i rati on he l ps t o  i mprove the dens i ty o f  t h e  
contrast  s u spensi on i n  the conta i ner . 
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Atrop i ne  s u l phate , the s tandard human premed i cat i on for 

bronchogra phy , a l though i nd i cated because of i ts broncho­

d i 1 3 :a �ory effect , wa s not  used i n  the  early stages of  

t�ese  experi ments as  potent i a l  dryi ng  of the  bronch i a l 

mucosa was fe l t  to be a d i sadvantage wi th powder i ns u ffl a ti on , 

s i nce th i s method rel i es on the adherence of the cont rast  

mater i a l  to  t he  bronc h i a l  \-'Ja l l s .  However ,  l ater i n  t h e  study 

an i ntravenou s i nj ecti on of 1 5mg of a tropi ne su l phate after 

i ntubat ion  and i mmedi ate ly  pri or  to i nsuffl a ti on marked ly  

i ncreased b ronch i a l  d i ameters i mprovi ng t he  defi n i t i on a nd  

percept ion  of  the bronch i a l branch i n g  pattern b ut  decreas i ng 

the amount of the bari um coati ng  adhered to the mucos a . 

I mmed i a te ly  fol l owi ng i nsuffl at i  on the tube \vas  removed and  two 

l eft l a tera l thoraci c rad i ographs  were ta ken ( d i aphragmat i c 

area , card i ac area ) . In some a n ima l s  a further pa i r  of r i g h t  

l ateral rad i og raphs  were a l so taken t o  enab l e i dent i f i cat i on 

of ri ght  a nd  l eft s tructures . Horses were then rad i ographed 

hourly for three to fi ve hours or unt i l no  further  contra s t  

materi a l  was vi s i b l e i n  t h e  l u ng  area . Further rad i o g raphs  
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were ta ken at  24  hours and  some a n i ma l s  were fol l owed rad i o­

graph i ca l ly  for up  to two weeks  i n  order to eva l uate a ny p u l mona ry 

seque l l ae .  Immed i a tel y  fo l l owi ng the procedure and over the 

tota l  peri od of observati on a l l horses were boxed and  c l o se ly  

observed for changes i n  c l i n i ca l  cond i ti on , parti cu l a rly  those 

referrab l e to the resp i ratory system . 

Autops i es were performed on a l l a n i ma l s  a t  peri ods ranging from 

24 hours to two weeks  fo l l owi ng  the l ast  procedure , however ,  



atten t i on was focu s s ed ma i n ly  on  s i x  horses undergoi ng  only 

c s i n c l e bronchogram . Sel ected area s from these l u ngs  were - . � 

s u bmi tted for h i s to l ogy , after preservat i on i n  the i nfl ated 

s tate by a mod i fi cati on of the forma l i n  g a s  method of Wri ght  

( 1 974 ) . 

3 .  Morphol og i ca l  Study of Isol a ted Equ i ne Lungs 

A)  Emba l mi ng of Lu n�s 

An en l arged s i mpl i fi ed dev i ce s i mi l a r to that  u sed by Wri ght  

et . a l  . ,  ( 19 7 4 )  by whi ch  hot formal i n  vapour i s  u sed to fi x 

who l e i so l ated l ungs  was constru cted. 

The l ungs  from severa l norma l horses were i so l ated carefu l ly 

a t  necropsy ensuri ng  no damage occurred to the  thi n p l e ura l 

envel ope . Approxi mately three i nches of trachea was l eft 

a ttached to the l u ngs  at  necropsy , fol l owi n g  removal of the 

heart and i ts attachments . 

The i s ol ated l ungs  were then fi rmly fi xed to a cafinu l a  mounted 
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on the perspex l i d of a l a rge sta i n l ess  s tee l  emb a l mi ng  vat ( F i g . 4 ) . 

The cannu l a  wa s connected by a w i de bore metal tube wi th i n  the vat  

to  a water trap whi ch was  l ocated beneath the s urface of the 

emba l mi ng  fl u i d .  The wi de bore tube had an externa l connecti on  

to  a ci rcu l ati n g  a i r pump , ( d i aphragm pump desi gned to  operate 

i n  wet cor� s i ve cond i ti ons ) ca l i brated to an automati c timer 

to de l i ver vapour for a set ti me i nterva l to s i mu l ate breath i ng . 

The i sol a ted l ungs  were s u spended over a s o l u ti on of warmed 
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F IG . 4. Di agram of Sys tem for Emba l mi ng Equ i ne Lungs . 

A .  C i rcu l ati ng a i r pump 
B .  V a pou r i ri l et tube 
C .  Perspex l i d  
D .  Stai n l es s  stee l  vat  
E .  Wi de bore meta l tube 
F .  Water trap 
G .  Forma l i n  l i qu i d  ( 40% aqueous )  
H .  Vapour outl et tube 
I .  Strengthened metal s us pen s i on p l ate 
J .  Cannu l a 
K .  Thermostat 
L .  Heati ng el emen t . 

42 



a q u e o u s  40% forma l dehyde so l ut i on wi th i n  the sea l ed vat  w i th a n  

i ntern a l  temperature mai nta i ned � t  45°C .  

H e a t e d  forma l i n  saturated vapour was drawn from the vat  and  

subsequent ly de l i vered to the l ungs v i a  the pump and  w i de bore 

tube descri bed above i n  a cyc l e  desi gned to s i mu l a te b reath i n g . 

Interna l  fi xati on of the l ung ti ssue  was thus fac i l i tated by the  

i ntroducti on of  saturated forma l dehyde vapour v i a the  a i rways . 

Externa l  ti ssue  fi xat ion  a l so occurred due to the penetrati on  of  

forma l dehyde vapour wi th i n the vat . Water vapour condens i n g  i n  

the c i rcu i t i s  removed i n  the a i r trap so  the a i rways rema i n  

essenti a l ly dry as they a re fi xed . The degree of i nf l at i on was 

mon i tored v i sua l ly and  pressure mai nta i ned at  a constant l evel 

by way of a pres sure v a l v e  coupl ed to a manometer i n  the c i rcu i t .  

As fi xati on of the l u ng t i ssues occurs , the amp l i tude of i nfl at i o n  

decreases and exces s vapour  escapes v i a  the water tra p . 

Approx i mately 3 -5 days was necessary for compl ete fi xati on of a l l 

l un g  ti ssue , a t  whi ch ti me the i nfl ated l ungs had the cons i stency 

of a hard sponge . 

B .  Investi gati ons on Emba l med Lungs 

( i ) P l a i n Rad i ography 

Exposures  were made on Agfa Gevaert Curi x RP l fi l m  i n  Dupont 

Quanta I I rare earth s creens  at  a fi l m  focus  d i s tance  of 105cm . 

( a ) Dorsoventral exposure : The emba lmed l ungs  were l a i d  o n  a 

protected casset� and wi th foam b l ocks hel d i n  a pos i ti on 

43 



app�oxi mati n g  the i n  v i vo s i tuat i on . Each ha l f  of the  l ung  
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w a s  exposed separately on a 3 5  x 43cm fi l m ,  u s i ng exposure factors 

of 40 �V , 250 mA for 0 . 1  second s . 

( b )  Latera l exposure : Each  l u ng  was rad i ographed s eparately 

i n  a hori zonta l  l atera l pos i t i on fo l l owi ng  d i ssect i on i nto ri ght 

a nd l eft segments . Exposure factors of 40kV , 320  mA for  0 . 1  seconds 

were uti l i sed to approx i mate the  exposure obta i ned d ur i ng  a 

norma l l atera l thoraci c rad i ograph . 

( i i ) Use  of Contrast Agents i n  Emba l med Lungs  

A m i x ture of bari um s u l phate so l uti on* and ge l at i n wa s pou red 

v i a a cannu l a i n to ei ther the bronch i , pu l monary a rte ri es or  

pu l monary vei n s  wi th the l un g s  he l d  i n  a verti ca l  pos i t i on .  

The g e l at i n/contrast m i x ture was g i ven t i me to set i n  the 

ves se 1  or  a i rway l umens and  rad i ographs were taken u s i n g  

exposures prev i ous ly descri bed for i sol a ted l ungs . 

( i i i ) Hi s tol og i ca l  Ana lyses 

Preserved i nfl a ted l ungs were s l i ced i nto secti ons  a pprox i mate ly  

1cm th i ck us i ng a sharp kn i fe , a nd  subsequent ly  a n a lysed  for 

a na tomi ca l  purposes . 

T i s sue  b l ocks were secti oned from these s l i ce s  for h i s to l og i ca l  

exami nati on . Such bl ocks were further fi xed i n  1 0% forma l i n  

for 72 hours before h i stol ogi ca l process i ng  i n  the u s u a l  manner . 

* M i cropaque 



CHAPTER II I - BRONCHOGRAPHY IN  THE HORSE 

� . .- - . . . � .... r<c�� L ! � 

Bronc:·w g rams were cons i dered sati sfactory when bronch i  down 

to the s eventh or ei ghth generat ion  were vi s i b l e  over two-th i rds  

of the l ung area . Thi s degree of success  was obta i ned i n  80% 

of the proced ures  attempted ( Tabl e 2 , p . 36) (F i g .6 ).The major  c a u se  

of  fa i l u re to  obta i n  sati factory bronchograms was cough i ng , 

resu l t i ng i n  l os s  of contrast  from the ma i n  bronch i , b ut  l eav i n g  

adequate contrast  materi a l  i n  the more peri pheral branches ( Fi g . 7 ) . 

Unsati s factory bronchograms were a l so produced by de l ay i n  tak i ng 
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the exposure , e i ther  as a resu l t  of s l ow i nsuffl ati on or  d i ffi c u l ty 

i n  pos i ti oni ng a horse for the thoraci c  radi ograph . I n  these 

cases f l occu l ati on of the contrast materi a l  occurred i n  the b ronch i 

probab ly a s  a resu l t  of early muco -ci l i a ry acti v i ty .  Converse l y .  

the best b ronchog rams were produced when i nsuffl ati on of the 

bari um s u l phate was most rapi d and de l ays  m i n imal , i . e .  l es s  

than ten mi n utes  from the begi nni ng of  i nsuffl ati on unti l 

exposure . 

The bronchograms produced exhi b i ted sati sfa ctory doub l e  contras t  

wi th l i tt l e enti re fi l l i ng o f  bronchi except i n  the mos t  ventra l 

porti ons of the l u ng . I n  many cases the dorsa l  branches of the  

d i aphragmati c l obe  were poorl y ou tl i ned owi n g  to  g rav i tati ona l 

effects ( F i g s . 6 ,  8 ,  9 ,  1 1 ) . I n  some a n i ma l s there was  ev i dence  

of severe broncho -constri cti on as  evi denced by the  very th i n  

thread- l i ke bronch i a l  branches rad i ati n g  away from the ma i n  bronc h i  

( F i g .  7 ) . The i n travenous i nj ecti on o f  1 5mg o f  atropi ne  i mmed i ate l y  



F i g . 6 Bronchogram i n  a n  a du l t  horse  demons trat i n g  
good bronch i a l  d eta i l  down t o  the seventh  
generati on in  the  ventra l  part of the  
d i aphragmati c a rea . Note that i n  th i s  
case the re has been poor fi l l i ng of the  
dorsal  branches of the  di aphragmati c b ronch i . 
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F i g . 7 Bronchogram demonstrati ng  the two maj or 
d i ffi cu l ti es encoun tered wi t h  the d ry powde r  
techn iqu e  ( a )  marked broncho -cons tri ct i on 
wh i ch has  not i mpa i red bronch i a l f i l l i ng to 
the  s eventh and e i ghth generati ons a n d  ( b )  
poor opaci f i cat i on o f  the ma i n  bronch i  
as a res u l t of cou g h i ng  pri o r  to  the  
expos ure . 
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F i g .  9 B ronchogram of a 24 year o l d mare wi th  a h i s tory 
of  chron i c cough . Th i s  rad i ograph demonstrates  
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one of the more i mportant  s i gns  of chron i c  b ronc h i ti s ,  
name ly  " l oss of para l l e l i sm "  and s l i gh t  ba l l oon i n g  
o f  the b ronch i a l wa l l s  between branches . 



n 
...... . 

B .  



Fi g . lO A . B . & C .  Rad i ographs taken at  20  m i nutes , 3 h ou rs , 
a nd 24 hours post  brolC'logram i n  a tw·J -year o l d  
ge l d i ng wi th no  h i s tory of resp i ratory d i sease . 

I n  A ,  the b ar i um s u l phate can be  seen accumu l ated 
on  the ventra l f l oor of the upper di aphragmati c 
bronchi  wh i l e  more ventra l l y  the dou b l e  contra s t  
effect rema i n s . 

I n  B ,  a t  three hours v i rtua l ly a l l the b ari um h a s  
been e l imi na ted and b ronch i a l  wal l s  a re becomi n g  
d i ffi cu l t  t o  d i sti ngu i sh . 

I n  C ,  at  24 hours b ar i um i s  no l onger  ev i dent  
and apart from marg i n a l  peri vascu l ar haze the s e  
l ungs  appear re l ati ve ly  norma l . 
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F i g .  11 In thi s bronchogram ta ken 10 mi nutes  post 
i ns uffl ati on a l arge bol us  of b ari um s u l phate 
can be observed in  the thorac i c  oesophagus  
adj acent to the  d i a phragm . 
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p r i o r  to i ns uffl at i on a l l evi a ted th i s  prob l em .  

The cattern of bronch i a l  b ranch i ng appeared to vary cons i dera b l y  

more i n  th i s  essenti a l ly norma l g roup o f  horses than a ppears 

to be  the case  i n  other spec i es  ( F i g .  8 ( A )  and  { B ) ) .  I n  the 

one c l i n i ca l  case exami ned , a 24 year o l d mare wi th  a h i story 

of a chroni c cough of severa l yea rs durat i on , the major  s i g n s  

of chron i c b ronch i ti s  were ev i dent . These  i nc l uded d i s t i nct  

l os s  of para l l e l i sm of the  bronch i a l  wa l l s  and moderate 

d i l a ta t i on of the bronch i  between b ronch i a l i ntersect i ons  ( F i g . 9 )  

( Ne l son and  Chri s toford i s ,  1 9 73 ) . However , other s i gns  of 

bronch i ti s  seen w i th l i qu i d  b ronchograph i c  techn i ques  s uch as  

bubb l e s in  the bronch i ( Doug l a s , 1 9 74 )  were not observed u s i n g  

the doub l e contrast  techn i q ue . Accord i ng to more recent work 

( Webbon and  C l arke , 1 9 77 ) these gross structura l changes may be  

the on ly re l i ab l e  s i gns of bronchograph i c  a bnorma l i ty ,  a t  l ea s t  

i n  dogs . 

E l im i nati on of Ba ri um 

E l i mi nati on of the contras t  materi a l  wa s extremel y  rap i d . No  

bari um was detected rad i ograph i ca l ly  i n  the  bronch i  of  any horse  

after fi ve hours and  i n  the maj ori ty of  cases  i t  was v i rtua l l y  

a l l e l im i nated after three hours ( F i g .  1 0  ( A )  ( B )  a n d  ( C )  ) . 

E l im i nati on a ppeared to beg i n  very ear ly and  the comb i na ti on  

of muco-ci l i ary transport and  acti ve cou g h i ng was thought to 

account for the rap i d  l os s  of  contrast materi a l . Even i n  

the earl i est  taken exposures there was often a substant i a l  

amount o f  contrast materi a l  i n  the thorac i c oesophagus  ( F i g . 1 1 ) . 
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I n  on i y  one horse ( No . 25 ) , g i ven 200 gms of bari um s u l phate 

a sma 1 i area of  1 1 a l veo l ar 11 retent i on was observed on the i n i ti a l 

ra� i og raph . I n  two other sets of l ungs  rad i ographed at  post  

mortem sma l l  quanti ti es of bar i um were seen i n  the  a l veo l i 

of �he l ung  peri pheri es wh i ch were not detected on 

rad i ographs  taken pri or to euthanas i a . 

H i s to l og i ca l  Response 

Hi s to l ogi cal ly there appeared to be a very mi l d  response  to the 

bari um s u l phate , s i mi l ar to the reacti on reported i n  humans 

( Ne l son , Chri stofor d i s and Pratt , 1964 ) and other experi menta l 

ani ma l s ( C l ements , 1969 ) . The ce l l u l a r response appeared to be 

even mi l der than that des cri bed by Wal ker and Gob l e ( 1 980 )  for 

a g roup of four horses undergo i ng bari um s u l phate suspen s i on 

bronchograms . I n  the one a n i ma l  sacri fi ced after 24 hou rs 

congest i v e  changes predomi nated . After three days vacuo l ated 

bronch i a l epi thel i a l  cel l s  were a pparent l i n i ng 50% of the 

bronch i o l es wh i ch a l so conta i ned a wu co i d protei n - l i ke s ubs tance , 

presumed to be  retai ned methyl  ce l l u l ose . Macrophages were seen 

free i n  th i s  substance . After 7-8 days s l i ght  peri b ronch i a l  

lymphoi d hyperp l as i a was noted i n  one an ima l  wh i l e  i n  another a 

moderate fore i g n  body macrophage reacti on was seen i n  the  

peri bronch i o l a r  a l veol ar  s paces . These spaces conta i ned 
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foamy mac rophages and  a crysta l l i ne materi a l  wh i ch was p robab ly  

bari um s u l phate . By two weeks  po st  bronchography there rema i ned 

areas of foca l  thi ckeni ng of the a l veo l a r  wa l l s  and sma l l numbers 

of foamy macrophages conta i n i ng fore i gn materi a l . No  ev i dence 

of pu l monary fi bros i s  was noted . 



N c n e  of the h i sto l og i ca l  spec i mens exami ned revea l ed cel l u l ar 

:eacti ons  l i ke ly to i nduce c l i n i ca l  s i gns  or  produce permanent 

s eq u e l l a e .  

D I SCU S S I ON 
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I nha 1 ed bari um s u l phate powder proved a mos t  sat i sfactory contrast  

med i um for the  product i on of d i a gnos t ic  bronchograms i n  the  hors e . 

P rev i ous  workers h ave encountered major tech n i ca l  d i ffi cu l t i es 

i n  performi ng  bronchogra phy i n  man a nd the dog us i ng e i ther 

aqueous  or o i l suspen s i ons of organ i c  i od i des ( Ri nker  et . a l . ,  1968 ; 

Trapne l l and Gregg , 1969 ; Doug l as , 1974 ; C l a rke and  Webbon , l9 77 ) . 

I n  th i s study sat i sfactory bronchograms were produced wi th a 

mi n i mum of effort , an absence of detectab l e sequel l ae and wi thout 

the need for i mmob i l i s a t i on and spec i a l  pos i t i on i ng  as  in  the 

study of Wa l ker and Gobl e ( 1980 ) . Nox i ous effects were conf i ned 

to on l y  one an ima l . Tra ns i ent dys pnoea of about 40 mi nutes durat i on  

fo l l owed the procedure i n  the very fi rs t a n i ma l  subj ected to the  

bronchograph i c  procedure , as  a res u l t of g i v i n g  1 2gms of  methyl 

cel l u l ose i n stead of the l a ter dose of 5-7gms . I n  s ome cases  

a n i ma l s coughed when the tube was i ntroduced or removed from the 

trachea , the  l atter res ponse cau s i n g  some l os s  of contrast  i n  the ma i n  

centra l bronch i . Wi thi n ten m i nutes of the procedure borses cou l d 

be  seen to swa l l ow conti nuous ly  and bari um was vi s i b ly  obv i ou s  

i n  t he  oesophagus i n  even t he  earl i est  thorac i c rad i ograph s . 

Some a n i ma l s coughed strong ly from 15  to 30 m i n utes fo l l owi n g  

t he  procedure , th i s bei ng  most noti ceab l e  a fter t he  use  of 

l oca l  anaestheti c .  However , between bouts of cough i ng , wh i ch 

appeared to d i s l odge l a rge quanti ti es of bari um , there was no 



evi dence of i ncrease  i n  resp i ratory rate or s i gns  of dyspnoea . 

D u i i n g  i n s uffl at i on the maj ori ty of a n i ma l s rema i ned ca l m  and  

u n react i ve a l though most moved o r  coughed on  the fi rst i nh a l at i on 

of the a i r/bar i um  m i xture . 

The safety of ba rium s u l phate for bronchography has  been c l ose ly  

i nvesti gated i n  humans ( Nel son , Chri s toford i s and  Pratt , 1 964 ; 

Shook and Fel son , 1970 ) and dogs ( C l ement , 1969 ; Myer ,  Burt 
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and Davi s ,  1 974 ) . Early prej ud i ce aga i nst  bari um s u l phate i nha l ati on  

i nto the  l ungs  a ppears to  have  s temmed from acci dents a ri s i ng as 

a resu l t of the i n cl u s i on of tox i c sa l ts of bari um i n  poorl y 

refi ned bari um su l phate m i x tu res ( Ne l son , et . � . •  1 964 ) and 

fear  that i nsp i ssated bronch i a l casts m i ght mechan i ca l ly  b l ock  

the a i rways as occas i ona l ly occurs i n  the  human col on . The 

l atter comp l i ca ti on wou l d  hardly seem l i ke ly  to occur i n  an 

organ such as  a bronchus l acki ng  the dehydrat i n g  funct i on of 

the col on . F i na l ly , the i nducti on of pu l monary fi bros i s  

as a resu l t  of a l veol ar  retenti on wou l d  seem a reasonab l e fea r .  

Whereas th i s  potenti a l ly  seri ous comp l i cati on has  been reported 

fo l l owi n g  the a l veol i sati on of vari ous  oi l s  used i n  conventi ona l  

' bronchograph i c med i a  ( Chri stoforid i s , e t .�. ,  1967 ) numerous 

i nvesti gators have been unabl e to fi nd  ev i dence of fi b ros i s  

fol l owi n g  the u se o f  bari um  su l phate ( Huston ,Wa l l ach and  

Cunni ng ham , 1952 ; Dunbar et .� . •  1959 , Wi l l son , Rub i n and  

McGee , 1959 ) . I n  add i t i o n  c l i n i ca l  ev i dence from bronchogra ph i c 

tri a l s  compa ri ng  bari um s u l phate wi th other contrast materi a l s 

suggests that bari um s u l phate i nduces l es s  acute and  l on g  term 

cel l u l a r reacti on and has certa i n  d i a gnosti c advantages , i n  terms 

of rad i og raph i c den s i ty ( Tei x i era a nd  Tei xi era , 1959 ; Ne l son et .�. ,  



1 9 5 5 ; N i ce , Wari ng  a nd Ki l l e l ea ,  1964 ; Shook a nd Fe l son , 1 9 70 ) . 

The resu l ts of  h i s to l og i ca l  exami nati on of the l ungs  from two 

horses sacri fi ced a fter s i x  weeks i n  the s tudy of Wa l ker and  

Gc b 1 e  ( 1980 ) su pport the v i ew that bari um s ul phate p roduces 

o n 1 y  a mi n ima l  i nfl ammatory res ponse i n  the  l u ng . The  present  

s tudy supports these  f i nd i ngs  and  suggests that powde red bari um 

s u l phate i nduces even l es s  cel l u l ar response  than  the same 

mater i a l  i n  suspen s i on .  

I n  the present  sma l l seri es of  horses there was ev i dence that  

v i rtua l ly a l l t he  i nha l ed bari um had been e l i mi n ated from the  

l ungs wi th i n fi ve hours of  the procedure . The a pparent  rap i d  

e l i mi nati on of the bar i um s u l phate from the l ung  f i e l d i n  horses 

compared to other s pec i es ( C l ements , 1969 ) may be  the resu l t  of 

the na tura l  : postua l dra i nage ( Cook , 1 974 ) . Thus whe n  the horse 

l owers i ts head there i s  conti nuous downh i l l  path from the d i s ta l  

d i aphragmati c bronchi  to the nares . Furthermore , i nh a l a t i o n  

of powdered materi a l  s ubstanti a l ly redt Jces the tota l quant i ty 

of contrast  materi a l  used as on ly  the wa l l s  of the bronch i  

a re coated and  b ronchi  a re not  fl ooded wi th  bari um . Th i s  

cou l d  account for the more rap i d  el i mi nat i on of contrast  mate r i a l  

58 

i n  th i s  s eri es compared wi th the fi nd i ngs  of Wa l ker and  Gob l e ( 1980 ) 

who used l i q u i d bari um s ul phate suspen s i on . Human s tudi es 

( Shook and Fel son , 1970 )  have noted s i mi l ar more rapi d e l i m i n a t i on  

of i nha l ed contra s t  materi a l  compared to convent i ona l  fl ood 

techn i ques . 

The d i agnost i c  va l ue of bronchography i n  the horse remai ns to  

be  proven . I n  human med i c i ne bronchography i s  a n  i mportant  d i a g nos t i c 
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pracecure and  i s  recommended i n  cases  of known or suspected bronch i ­

ect:: s i s wi th chron i c ,coug h i n g , hemoptys i s  of an  unexp l a i ned nature , 

l oc a l i sed obstruct i on or d i sp l acement of b ronchi on the  p l a i n  

rad i og ra ph , cyto l ogy o f  s pu tum pos i t i ve for ma l i gnant cel l s  and  

s u s pected congen i ta l  abnorma l i t i es ( Brumer et .�. , 1 9 70 ) . 

Wh i l e  ma l i gnancy and  congen i ta l  abnorma l i t i es have rarely 

been observed i n  the  l u ngs of horses and  t herefore meri t on ly  

m i nor cons i derati on , chron i c  coughi ng  ( often assoc i ated wi th  

C . O . P . D . )  and  expi s tax i s as  a resu l t of l ung  haemorrhage are 

extremely common cond i t i ons  and  at  present the cause of  much 

specu l at i ve comment and  research i nterest  ( Cook , 1974 ; McPherson 

and Lawson , 1974 ; Rob i nson , l979 ) . 

Bronchography can s erve pos i t i ve ly  i n  th i s area i n  two ways . 

F i rstly , the accurate i denti fi cat i on and  characteri s at i on of 

the bronch i a l  tree prov i ded by the bronchogram i s  an  extremel y  

u sefu l adjunct  t o  p l a i n thorac i c rad i og ra phs , parti c u l ar ly  a s  

the l a teral v i ew w i th the res u l tant superpos i ti on o f  both l un g s  

i s  the only practi ca l  techn i que ava i l ab l e i n  the hors e . Accu rate 

i dent i fi cat i on  of the superi mposed bronch i , especi a l l y  i n  the 

d i aphragmati c area , has been i mportant i n  the i denti f i cati on of  

arti facts and  u nderstand i ng the norma l  radi ograph i c  anatomy 

of the thorax i n  t he present cont i nu i ng s tudy . The p owder 

i nsuffl at ion  techn i qu e  has the d i sadvantage of outl i n i ng the 

bronch i a l system b i l a tera l ly ,  however recourse to rad i og raphy 

of both s i des  of the thorax and the d i st i ncti ve bron c h i a l  

· anatomy of each l ung obv i a te the g reater part o f  thi s d i ffi cu l ty .  

Secondly , b ronchography wi l l  enabl e a more objecti ve a s sessment 



Gt pu l monary cond i ti ons i n  horses by a l l ow i ng v i s u a l i sat i on  

of the bronch i  i n  an ima l s wi th more subt l e l es i on s  wh i ch have 

on l y  occas i ona l ly  been examined a t  post mortem i n  the past  . 
• 

Cond i ti ons s uch  as  chron i c  bronch i t i s  and  bronch i o l i t i s  a re 

c crr.rnon i n  the horse , however accurate assessment of permanent 

c hanges i s  on ly  pos s i bl e  through a seri es  of techn i ca l ly 

exact i n g  pu l monary functi on tests speci f i ca l l y  adapted to the 

equ i ne subj ect ( Muyl l e  and  Oyaert , 1974 ; McPherson  and  Lawson , 

1 9 74 ; Robi nson , 1 979 ; McDonel l ,  Ha l l and  J effcott , 1 979 ; 

Wi l l oughby a n d  McDonel l ,  1 979 ) . B ronchography provi des  

the  means  of a s sess i ng the norma l i ty or otherwi s e  of the 

b ronch i a l  wa l l s  down to the seventh or e i g hth genera t i on . 

I n  the case of chron i c b ronch i ti s  wel l documented changes 

become ev i dent  in  other s peci es ( Ne l son and  Chri s tofo r d i s ,  

1 9 73 ; Doug l as , 1 974 ; Webbon and  C l arke , 1977 ) . Whether s i mi l ar 
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changes occur  i n  cond i t i ons such as C . O . P . D .  i s  pure l y  s pecu l at i v e  

a nd  can on ly  b e  eva l uated through a cl i n i ca l  tri a l  o f  b ronchog raphy . 

The method may a l so i mprove our u nderstand i ng of "b l eeders " .  

The area of the l ung from wh i ch haemorrhage  has  occurred may 

become i dent i fi ab l e  and some of the changes respon s i b l e  for 

s i mi l ar b l eed i ng i n  h uman s  s uch as  bronch i ectas i s  may become 

ev i dent . The l atter cond i t i on has  not been i denti fi ed i n  horses  

a s  few an ima l s  wi th chron i c  bronch i t i s  are post mortemed . 

However , the ex i s tance of bronch i ecta s i s i s  h i g h ly p robab l e i n  the  

horse and  may prove to be the  bas i s of ep i s taxi s i n  a certa i n 

proporti on o f  cases . 



CHAPTER I V  - PULMONARY VASCULATURE I N  THE  HORSE ; 

SOME ASPECTS OF ITS RAD IOGRAPH I C  APPEARANCE  

RESU LTS 

A .  Pu l monary Arteri ography 

6 1  

I n  three of the s i x  horses on  whi ch pu l monary arteri ograms were 

attempted , suffi c i ent  contrast fi l l ed the major pu l monary a rter i es  

to  enab l e adequa te v i sua l i s at ion of the  proxi ma l  a rter i a l  tree . 

On ly some segments of the peri phera l arter i a l  c i rcu i t were out l i ned 

sati sfactori l y  by th i s method . Fai l ure to obta i n  sat i sfactory 

arteri ograms i n  the rema i n i n g th ree horses was probab l y  due 

to a comb i nati on of i ncorrect pos i ti on i ng of  the catheter , 

poor synchron i s at ion  of exposures and  de l i very of i n suffi c i en t  

contrast materi a l . 

I n  l atera l recumbency the d i a phragmat i c out l i ne was d i s pl aced 

cran i a l l y ,  resu l ti ng i n  compress i on of l ungs  and an i ncreas e  

i n  l ung dens i ty wi th subsequent l oss o f  deta i l ,  i n  p arti cu l ar 

that of the aorta , pu l monary vessel s and  caudal  vena cava 

( F i g . 1 7 , 1 4 )  ( McDonnel et . a l  . ,  1 979 ) . Care was therefore 

exerci sed i n  extrapol ati ng  resu l ts from th i s  seri es of  

arteri ograms to p l a i n rad i ographs of h orses  i n  the  s ta nd i n g  

pos i ti on .  

The most detai l ed pu l monary arteri ogram  was obta i ned  from a 

s i x -month o l d pony foa l ( 1 50kg ) . The  pos i t i on of the  catheter 

i n  the pu l monary arteri a l  trunk was obv i ou s  i n  the control  

rad i ograph fol l owi ng  the i njecti on of a sma l l quanti ty of 



cor. trast  agent a s  a marker ( Fi g . 12 ) . I n  the  arteri a l  phase  

6 2  

o f  the arter i og ram , peri phera l arteri es down  to the 5th generat i on 

cou 1 a  be v i s u a l i sed ( F i g . 13 ) . The pr imary pu l mona ry a rteri es 

appear to d i rect ly  overly one another i n  the  l ateral  p roj ecti on . 

Ventra l ly a l arge  b ranch ( a )  can  be seen to  ori g i nate 4-5cm 

d i sta l  to the c ard i ac  ori g i n  of the pu l monary arteri e s . Th i s 

secondary branch cou rses hori zonta l l y  towards the d i aphragmati c 

s hadow . Another secondary bra nch ( a • )  ori g i nates ventra l ly from 

the pu l monary artery a further 5cm d i sta l to the fi rs t b ranch . 

Terti a ry branch i ng i s  not c l early v i s i b l e  on those ventra l ves s e l s .  

Al so c l early vi s i b l e  i s  a l a rg e  secondary b ranch ( b )  whi ch 

ori g i nates from the dorsa l  border of the p ri mary p u l monary a rtery 

and courses cra n i a l l y , cros s i ng  the ori g i n  of the aorta . 

Thi s vessel l eaves the parent artery from a pos i t i on s l i g ht ly  

bel ow and  cran i a l to the  b i furcat i on of  the  trachea a n d  i s  

occasi ona l ly seen on  p l a i n  rad i ograph . Immed i ate ly  cauda l to 

the ori g i n of thi s secondary branch a tert i a ry branch ( b • )  

can  be seen cours i ng i n  a dorsa l  d i rect i on . The fi rst  of these 

terti ary bra nches ( b 1 )  demonstrates an i nteresti n g  a rteri a l  

branch i ng pattern . I n i ti a l ly thi s branch  s eems to or i g i nate 

from the secondary artery i n  a somewhat monopoda l fas h i on . S im i l ar ly , 

the secondary branch  ( b )  appears monopoda l  as  i t  ori g i nates from 

the dors a l  edge of the ma i n  pu l monary a rtery .  I f  however the 

dorsa l ly  d.i rected tert i a ry vessel  ( b • )  i s  tra ced d i s t a l l y , i t  

a ppears to u ndergo further branch i ng i nto two equ a l  s i zed daughter 

vesse l s  ( arrows ) .  Thi s pattern represents  symmetri c a l d i chotomou s  

branchi ng a s  descri bed by Pa rker et .�. , ( 1 97 1 ) . The q uaternary 

generati on of  a rteries  then appears to b ra n ch aga i n  i n  a d i chotomous 



F i g .  1 2  Si x month pony foa l ( 150kg ) . 

Exposu re fol l owi ng  i nj ecti on of sma l 1 
quanti ty of contrast agent to check 
catheter posi ti on i ng w i th i n pu l monary 
artery . 
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F i g . 1 3  S i x  month pony foa l  ( 1 50kg ) 

Exposure taken two seconds fo l l ow i ng 
i nj ec t i on of 120 ml s contrast ( Conray 420 ) . 
Pu l monary arteri a l  tree outl i ned . 
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F i g .  14 
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One year o l d  Thoroughbred Col t ( 300kg ) .  

Contro l exposure ta ken i n  l atera l  recumbency 
wi th no  contrast  p resent i n  pu l mona ry vascul ature . 
Note overa l l l os s  of deta i l of  pu l monary structures . 



Fi g .  1 5  One  year o l d Thoroughbred Co l t ( 300kg ) 

Exposu re ta ken two seconds fol l owi n g  i nj ecti on 
of 120 ml s Conray 420 . The pu l monary a rteri a l  
tree i s  we l l outl i n ed but a ppea rs cons i dera b l y  
compres sed , hence g i v i ng a d i s torted a ppearance 
to the bra nchi ng pattern . 
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Fi g .  16 One year ol d Thoroughbred Co l t ( 300k g ) .  

Exposure taken four seconds fol l owi n g  i njecti o n  
o f  1 2 0  ml s Conray 420 . The pu l mona ry venous 
sys tem and l eft atri um are fi l l ed wi t h  d i l u ted 
contrast  materi a l , but  very l i tt l e deta i l of 
branch i ng systems i s  a pparent . 
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F i g . 1 7  One year  o l d Thoroughbred Co l t ( 300kg ) . 

Contro l  exposure wi th no  contrast agent used . 
Note the overa l l l os s  of  detai l .  

6 9  

yo 



Fi g .  18  
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y� 

One year ol d Thoroughbred Co l t  ( 300k g )  

Exposure ta ken i mmed i ate ly  fo l l owi n g  the i nj ecti on  
of 20 ml s Conray 420 to ascerta i n correct pos i t i on i ng 
of catheter i n  pu l monary arter i a l  trunk  
Note the l a rge dors a l  bu l ge v i s i b l e  i n  the  dorsa l 
a spect of the p rox i ma l  a rteri a l  trunk . 
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8 .  Radi ogra phy of Di ssected Equ i ne Lungs 

i )  Wi thout Contrast  Materi a l s : Severa l sets of equ i ne l u ngs  

we re d i s se�ted cl ear of  the thorax and  rad i ographed i n  order  to  

h i g h 1 i gh t  some of the bronch i a l a nd vascu l ar rel a t i on s h i ps wi thout 

the added compl i ca t i on of superi mposed  ri b shadows . Rad i ographs  

of two examp l es ( Fi g .  20 � tota l ly  exsangu i nated , and  F i g . 2 1  

wi th b l ood rema i n i ng i n  the ves se l s ) serve  to i l l u strate  the mai n  

features deri ved from thi s s tudy . 

I n  F i g . 20 ,  a dorsoventral v i ew of the  ri g ht  l un g  of an  a du l t 

hors e , the  branch i n g pattern of the a i rways ( th i c k  wa l l s ) 

and pu l monary artery tree demonstrate a p ronounced s i mi l ari ty 

i n  j uxtapoS i ti on and d i s tr i b ut i o n  whe reas the ve i ns a re d i ffi cul t 

to v i sua l i se as they l i e beneath the shadow of the  a i rways . 

I n  F i g . 2 1  the venous sys tem appears to  be  nearly fi l l ed wi th  

res i dua l  b l ood ( l abel l ed ) and the  arteri a l  tree on ly  parti a l ly  

so . However the re l ati onsh i ps of the  major ves se l s wi t h  rel at i on 

to the a i rways i n  the dorsoventral  v i ew i s  qu i te c l ea r �  wi th 

the arteri es lyi ng  l atera l and  the ve i n s  med i a l  to  the bronch i . 

I n  addi t i on , F i g . 2 1  demonstrates a d i fference i n  the branch i ng 

characteri sti cs of pu l monary arteri e s  and ve i n s . The pu l monary 

vei ns  a ppear to have reta i ned more b l ood and  show wha t  a ppears 

to be even d i chotomous branch i ng , i . e .  each d i v i s i on i s  essenti a l ly  

symmetri ca l  wi th daughter branches o f  equal  s i ze  s l i g ht ly  g reater 

than h a l f  the d i ameter of the parent branch . The arte ri es 

a l thoug h  not so c l early v i sua l i sed , demonstrate a pattern varyi ng  
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between d i chotomous and monopod a l  i n  d i stri but i on . 

F i g . 22 , photographs 6f the l ungs  seen i n  F i g . 21 fol l owi ng  

forma ! 1 n  fi xati on and s l i c i ng , demonstrate the c l ose rel a t i ons h i p 

of the three maj or vascul a r  and bronc h i a l  s tructures throug h  the  

l u ng parenchyma ,wi th the pu l monary a rtery ly i ng dors a l  a nd  

l a tera l  to t he  bronchi a nd  t he  pu l mona ry vei n ventromedi a l 

i n  pos i ti on .  

i i )  Wi th  Contrast Agents : The use  of contrast agents  to 

outl i ne the pu l monary vascu l ature h i g h l i ght s  the fea tu res  

d i scus sed i n  the preceed i n g  sect i on wi th respect t o  branch i ng 

patterns . I n  Fi g .  23 , a dorsoventra l  rad i ograph o f  the l eft 

l u ng of  a horse fol l ow i ng contra st  i nfus i on i nto the pu l monary 

a rteri es , the  bra n ch i ng pa ttern of these vessel s appear  to  be 

abrupt  and somewhat  b l ocky . i n  appearance . The peri phera l 

venous tree h a s  a l so been fi l l ed wi th contrast  agent  pas s i n g  

throug h  t h e  capi l l ari es v i a the arter i a l  tree and  can  be  seen 

to pos sess  essenti a l ly an even d i chotomous type branch i n g  pat tern 

w i th few i nterspersed monopoda l branches . An  en l arg ement 

of a secti on of the peri phera l  a rea h i gh l i g hts the compari son  

between b ranchi ng patterns of the two vascu l ar sys tems ( Fi g . 2 4 ) . 

D I SCUSS I ON 

1 )  B ranch i ng Pattern : I t  i s  i nteresti ng  to note t h a t  mos t  

of the prox i ma l  secondary branches o f  the pu l monary a rtery appear 

to  be deri ved i n  a monopoda l  fas h i on wi th d i chotomous b ranchi ng 

not becom i n g  a feature u nti l a t  l ea s t  the tert i a ry genera t i on . Th i s 



F i g . 20 D .V . rad i ograph of i so l ated r i ght  l un g  

of  18  month Thoroughbred ge l d i ng . 
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Fi g .  2 1  D .V . rad i ograph  o f  i so l ated r i g ht  l un g  of 
two year  o l d  Thoroughbred fi l ly .  B ranch i ng 
of the venous vascu l ature has  been l abe l l ed 
to the l evel  of the 6 th generat i on . The  
arteri a l  tree i s  i ncompl etely fi l l ed w i th 
res i dua l  b l ood . 
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F i g .  22  Photog raphs of the l u ng  seen i n  F i g .  21  
fol l owi ng fume fi xat i on  i n  forma l i n gas 
and subseq uent  s l i c i ng i nto 3cm th i ck 
port i ons to demonstrate the re l ati on sh i ps 
of  the ve s se l s and  a i rways w i th i n the l u ng . 
The three l a rge ho l l ow s tructures wi th i n 
the parenchyma represent  the major b ronchus 
{ ce ntre ) , the pri mary p u l mona ry ve i n  
( be l ow bronchus , i . e .  ventromed i a l ) and 
the pri mary pu l monary a rtery ( a bove b ronchus , 
i . e .  dorsol a tera l ) .  
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Fi g .  23 A dorsoventra l radi ograph of the i s o l a ted 
l eft l ung  of a horse fol l ow i n g  fume fi xati on 
and i nfus i on of aqueous bari um su l phate i nto  
the p u lmonary a rteri a l  system ( l eft ) wi th  
s ome capi l l a ry overfl ow i nto the venou s 
system ( ri ght , i ncomp l etely fi l l ed ) . 
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Fi g .  24 An en l arg ement of a j uxtaposed pu l mo n a ry 
artery ( l eft)  a nd pu l monary vei n ( ri gh t )  
segment  from the peri phera l  a rea o f  the  
�q u i ne l u ng  rad i ographed i n  F i g . 23 .  
Note the branch i ng patterns obta i n ed 
i n  th i s  comparat i ve s tudy wh i ch appear 
to contra s t  d i rectl y wi th s i mi l a r 
observati ons  i n  human subjects . 
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feature appears to  be  i ri contra st  w i th observat i ons  on  h uman 

p u 1 mon a ry a rtery branch i ng made by Mi l ne ( 1973 ) , i n  whi ch smoot h ly 

taoe ri ng d i chotomous bra nch i ng  a ppears to predomi nate . 

Knowl edge of the characteri sti cs of branch i ng patterns a nd 

appearance of  vessel s i n  t he  norma l s i tuati on i s  e s senti a l  

i n  o rder that i nterpretat i o n  of abnorma l i ti es i n  s i ze ,  s hape 

o r  b ranch i ng pattern of vascu l ature wi thi n  the l u n g  may be 

re l ated accurately and be u sed as an  a i d  to d i agnos i s  of 

d i sease processes . For i n s tance i t  i s  essenti a l  to  be ab l e  

to d i fferenti ate g ross ly  d i s tended pu l monary vesse l s i nto 

e i ther arteri a l  or venous depend i ng  on thei r rad i ogra ph i c  

a ppea rance a s  a comp l etely d i fferent aeti o l ogy may be 

respons i b l e .  

2 )  Vascu l ar/Ai rway Rel at i on s h ips : A compar i son of the 

b ranchi n g  pattern of the p u l mona ry arteri es  revea l ed by 

a rte ri ography and the bronchi  outl i ned by b ronchography 

dempnstrates a c l ose associ ati on between two systems pa rti cu l ar l y  

i n  the prox i ma l  l u ng fi e l d s . Th i s  i s  i mportant because  recog n i t i on 

of a ny i rreg u l ari ty of th i s j uxtapos i t i on may a i d  i n  ear ly  

d i agnos i s of pu l monary d i so rders . 
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CHAPTFR V � RAD IOGRAPH I C  ANATOMY OF THE THORAX 

RESU LTS 

1 )  Bony Structures : The ventra l borders of the vertebra l bodi es 

a re u s ua l ly wel l de l i neated dorsa l l y  i n  the d i a ph ra gmati c exposu re 

whereas these  structures are genera l l y  not  v i s i b l e . on the card i ac 

project i on ( Fi g . 2 5 ) . Depend i n g  on exposure factors and  deg ree 

of i nsp i rati on , the r ibs  a re usua l ly seen a s  near ly  vert i ca l , 

p ara l l e l , rad i odense shadows ori g i nat i n g  above the vertebra l bod i es , 

a nd  descendi n g  ventra l ly  to merge wi th  the d i a ph ragmat i c s hadow . 

Under penetrati on ( i n suffi ci ent K .V . )  resu l ts i n  i nc reased dens i ty 

of r i b  shadows obscuri ng  u nderlyi ng l ung  detai l .  

2 )  Heart and Great Vesse l s : The l eft atri um i s  v i s i b l e i n  the 

"card i ac 11 area as the most cauda l l i mi t of the heart shadow 

i nterposed between the pu l monary artery and  the cauda l vena 

cava ( F i g .  26 ) .  When the heart s i ze i s  normal , the shadows 

of ri bs 6 and 7 are superi mposed on the caudal border of the 

l eft atri um . Beneath the vena cava the cauda l border of the 

l eft ventri c l e merges w ith  the shadow of the d i aphra gm . 

The cauda-dorsal  border of the heart shadow i s  domi nated by 

the  entry and emergence of four  maj or vascu l ar structu res . 

( a )  Aorta : Cran i a l ly , the aorta eme rges from the l eft ventri c l e 

at  the l evel of the 4th ri b and  fo l l ows a cauda-dorsa l  course beneath 

the thoraci c vertebra l bod i es  ( Fi g . 26 ) .  Measured from the 



rad i og raph the card i ac or i g i n  of the aorta i n  a n  adu l t horse 

meas u res approxi mate l y  5 -7cms i n  d i ameter . As the aorta curves 

caudo-dorsa l ly away from the heart s hadow i t  passes over the 

cari na ( b i �  rcati on of the trachea ) one of the maj or l andmarks 
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i n  c.ny exami nati on  of the  thoraci c rad i ograph ( F i g . 27 ) . Further cauda l l y  

a s  i t  i s  superi mposed o n  the vertebral bod i es the out l i ne becomes 

l ess  d i st i nct owi ng  to the i n crease i n  overlyi n g  dens i ti es of  

muscu l atu re and pu l monary vesse l s parti cu l arly cauda l to T9 -Tl0 . 

( b )  The Pu l monary Arteri es : Immedi ately ventra l to the 

cari na the promi nent vascu l ar  shadow of the pu l monary arteri e s  

emerges from the card i ac shadow . The pai red a rteri es are vi s i b l e 

a s  a cyl i ndri cal soft ti s s ue dens i ty ,  3 -4cm vli de  at  i ts ori g i n ,  

fol l owi ng a nea rly s trai ght  cou rse dorsocaudal l y  ( Fi g . 28 ) . 

I t  i s  di ffi cu l t  to v i sua l i s e the i nd i v i dua l  ma i n  arteri es  as  

separate enti ti es because i n  the true l atera l  projecti on the  ves se l s 

a re superimposed . 

The aorta and  pu l mona ry a rteri es are separated by a rad i o l u scent 

band of l ung  ti ssue  a pproximately 2 -3cms i n  depth beg i n n i n g  cran i a l 

to the cari na and taperi n g  progressi ve ly  away cauda l ly . The maj or 

d i aphragmati c branches of the pul monary arteri es  form the ventra l  

border o f  th i s  radi o l uscent area , ru nn i ng  ventra l to the  aorta 

prox ima l ly ,  but tend i n g  to obscure the aorti c s hadow as they become 

s u peri mposed on  i t  cauda l to TB-9 . The wa l l s  of the major branches 

of the pu l monary arteri es a ppear to taper smooth ly  towards the 

peri phery of the l un g  fi e l d .  Severa l dors a l  branches  can be 

v i s ua l i sed i n  the l a tera l  stand i ng thoraci c radi ograph  ( F i g . 2 5 ) . 

The se secondary branches appear to be deri ved i n  a monopoda l 
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fas h i cr. ( i . e .  the vesse l  g i ves off a b ranch of sma l l er d i ameter 

than :he parent vesse l ) .  Occasi ona l ly the branch of the p u lmonary 

a �:ery whi ch supp l i e� the cran i a l  l obe of  the l ungs  can be seen  

to emerge from the dorsal  border of the maj or pu l monary artery 

near i ts ori g i n and  course dorsocran i a l ly  ( Fi g .  26 ) . 

I n  the card i ac area , a maj or pu l monary a rteri a l  b ranch a ri ses 

ventral ly a l most wi thi n the overlyi ng  s hadow of the l eft 

atri um ( Fi g . 26 ) . Th i s ves se l  cou rses caudoventra l ly i n  a stra i g h t  

path to oven i e the caudal  vena cava a n d  d i aphragmati c  shadow 

peri phera l l y . Severa l other maj or secondary arteri a l  branches 

ari se from the ventra l border of the pri mary pu l monary artery . 

These can be i denti fi ed as cyl i ndri cal soft ti ssue  densi t i e s  

fol l owi ng  a nearly hori zonta l cou rse through  the l un g  parenchyma 

( F i g .  2 5 ) . Peri phera l l y ,  v i s ua l i s at i on of i nd i v i dua l  arteri a l  

branchi ng  becomes d i ffi cu l t  owi ng  t o  the haze created by the 

i ncreas i ng mu l t i p l i c i ty of overlyi ng  support ive t i s sue  s tructu res , 

the maj or component of whi ch i s  fi ne vascu l atu re . 

( c )  Pu l monary Vei ns  : A d i ffuse cyl i ndr i ca l s hadow enteri ng  

the  l eft atri um at the  l evel of ri bs  6 -7 represent the pu l monary 

vei ns . The venous system drai n i ng the l un g  i s  not as  rad i ograph i ca l l y  

di sti nct a s  the  pu l monary arteri a l  system . Neverthel es s  the major  

pu l monary ve i n s  are read i ly v i s i b l e as they enter the  l eft atri um 

( Fi g .  26 , 29 ) , where they appear to have a combi ned d i ameter 

of 6 -8cm on the rad i ogra ph . Overlyi ng  den s i ti es make i t  d i ffi cu l t  

to accurate ly  i denti fy the branch i n g  pattern of the venous sys tem , 

espec i a l ly  i n  the di aphragmati c or dors a l  extremi ti es  of the 

l ung  fi e l d .  



( d )  Caudal  Vena Cava : I n  the V -shaped rad i o l ucent area of 

l u n g  parenchyma betw�en the ventral d i aphragmati c shadow and  
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cau d a l  border of the heart ,a  hori zonta l cyl i ndr i ca l s oft t i s sue  

den s i ty i s  v i s i b l e ( F i g .  26 , 29 ) . Thi s shadow represents the 

cauda 1 vena cava wh i ch appears to ori g i nate from the mi dventra l 

d i a phragm and cou rse hori zonta l l y  i nto the cauda l card i ac marg i n  

whe re i t  i s  masked by the l eft atri a l  s hadow . A s  th i s  ves se l  

traverses the  thorax , i ts rad i ograph i c  i mage i s  a pprox i mately 4-6cm 

i n  d i ameter . Beneath the caudal  vena cava , the tri angu l ar 

rad i o l uscent area represents  the accessory l ob e  of the ri g ht  l un g . 

( e ) Peri phera l V ascu l ature : The greatest  proporti on  of 

peri phera l  l ung  den s i ty i n  the  horse  i s  composed  of vascul ar 

dens i ti es , however un l i ke the dog there i s  a l s o  a fi ne  reti cu l ar 

pa ttern attri butab l e to the i ntersti ti a l  parenchyma . I n  the dorsa l  

ha l f of the l un g  fi e l d s  the  branches of the  pu l monary arteri es 

and  vei ns  are parti cu l ar ly  evi dent  and we l l defi ned especi a l l y  

as  they overl i e  the aorti c shadow ( F i g .  2 5 ) . I t  i s  not pos s i b l e  

to p red i ct w i th accuracy whether a parti cu l ar  vesse l  i n  th i s  a rea  

i s  a rtery or  vei n on i ts ca l i bre a l one as geometri c d i storti on  from 

over l appi ng of the two l ungs  magn i fi es those vesse l s from the l un g  

nearest  to the X -ray tube . However , the course of these vesse l s  

to e i ther the ma i n  d i aphragmenti ve branch of the correspondi ng 

pu l monary artery or  ve i n i s  usua l l y  obv i ou s  and  read i l y  de term i ned . 

Ventra l ly  on ly  the major branches can be d i s ti ngu i shed i n  th i s  

way . 
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The trachea i s  v i s i b l e  rad i ograph i ca l ly  as a pa i r 

0.., d ense l i near markfngs separated by approximate ly  4cms s i tuated 

i n  a hori zonta l  pos i ti on i mmed i ate ly overlyi n g  the base of  the heart . 

The tr�cheal bi fu rcati on , or cari na i s  l ocated i n  the area bounded 

by the aorta dorsa l l y ,  pu l mona ry artery ventra l ly ,  and rostr o ­

cauda l ly  by ri b s  5 a nd 6 .  I n  thi s area , i t  i s  pos s i b l e  to  

v i s u a l i se e i ther 2 , 3 or  4 c i rcu l ar  rad i o l ucent shadows wh i ch 

rep resent the 1 1end on 1 1 vi ew th rough the b ronchi wh i ch s upp ly  

the  cran i a l  and  mi dd l e l ung  l obes ( F i g .  2 7 ) . I n  the  hors e , 

u n l i ke catt l e and  dogs , the bronchi to the cra n i a l  and  med i a l  

l un g  l obes on each s i de ari se from a common trun k  ( Su z u k i  and  

Ohkubo , 1977 ) . D i s ta l  to  the  cari na there i s  s ome vari at i on  

between an imal s i n  the deg ree of vi s i b i l i ty of the . l obar  and  more 

di sta l  bronch i . I n  the norm a l  an i ma l  pai rs of f i n e  l i near  

den s i t i e s  representi ng  pri mary ,  secondary or terti a ry b ranches  

of  the  l obar bronchi  can  often be  seen i rrad i at i n g  away from 

the cari na ( F i g . 28 ) . These b ronchi a l  shadows are progres s i ve ly  

a nd  i ntermi ttent ly  obscured by t he  i n crea s i ng  mu l t i tude of  overlyi n g  

vascu l ar a nd  i ntersti ti a l  dens i ti es as  they near the peri phery 

of the vi s i b l e l un g  fi e l ds . These fi ne  l i near dens i ti es a re 

often separated by a zone of i ncreased rad i o l u scency rep resent i n g  

the b ronch i a l  l umen ( Fi g .  28 ) . Throughout the v i s i b l e  l un g  f i e l ds , 

proj ecti ons of end -on b ronchi  can be seen as  fi ne  r i n g - l i ke rad i odense  

structures wi th dark  centres ( Fi g . 29 ) . Occas i on a l l y  j uxta posed  

to  these  v i s i b l e  end-on bronchi  a re one or  two d i ffus e  c i rcu l a r  

or obl ong densi t i es  produced by the accompanyi n g  artery and  

vei n .  If  both are present the artery i s  sma l l er ,  c l oser  a nd  norma l l y  

s l i ght ly  more c l ear ly  defi ned than the ve i n  { Fi g .  29 ) . 



F i g ure 2 5  Latera l  radi ograph of the d i aphragma t i c  area of the  
l ungs  of  an adu l t hors e . The  l un g  area  i s  bordered 
dorsa l ly  by the ventra l borders of the thorac i c  
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vertebral  bod i es ( open arrows ) and ventral ly  by the  
d i aphragm . The aorta (A )  i s  seen as a w i de band o f  
rad i odens i ty pa s s i ng  cran i o -dors a l l y , immed i atel y  beneath 
the vertebra l bodi es . F urther ventra l the pai red 
d i a phragmati c branches of the ma i n  pu l monary artery ( B ) 
course cauda l ly  and dorsa l l y  to become s uperimposed on  
the  aorti c s hadow . Beneath the branches of the p u l monary 
artery and  runn i ng  para l l el to them a re the pa i red 
pu l monary vei n s  i nto wh i ch d ra i n  severa l  l arge hor i zon ta l l y  
d i sposed terti ary branches ( b ) . Several  end o n  ves se l s 
are a l so v i s i b l e i n  thi s v i ew ( so l i d  arrow heads ) . 



F i g ure 26 The cardi ac  area of an  adu l t  horse ' s  l u n g  fi e l d .  
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R i bs 5 ,  6 a nd 7 are l abel l ed dorsa l ly . The major  
vascul ar s tructu res enteri ng the  heart s hadow ventra l ly  
are t he  aorta ( A ) , t he  pu l monary arteri e s  ( B ) , the 
pu l monary vei n s  ( C )  a nd the caudal vena cava ( D ) . The 
caudal  border of the l eft ventr i c l e at  the atr i o  
ven tri cu l ar  ri ng i s  ev i dent a t  ( E ) . Between the aorta 
and the pul mona t'Y a rteri es severa l rad i o l ucent r i n g s  
( b ' ' )  i nd i cate the cari na a n d  ori g i ns o f  the mi ddl e 
l obe b ronch i . The ma i n  d i aphragmati c b ronch i  are seen 
between the two open arrows . Fu rther ventral l y  at ( b )  
a l arge branch o f  the pu l monary artery runs a hori zonta l 
course caudal ly . Severa l end on vessel s are a l so ev i dent 
( sol i d  arrow heads ) .  
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F i gure 29 Rad i ograph of thorax demonstrati ng  q u i te cl early 
the pos i t i on  of the ma i n  pu l monary vei ns  ( C )  as t hey 
enter the l eft atri um . The aorta i s  seen at ( A )  
and the ma i n  pul monary arter i es a t  ( B ) . Further 
ventra l ly  the cauda l  vena cava i s  v i s i b l e ( D ) . 
An end on sma l l bronchus wi th an accompany ing artery 
on i ts dorsal  surface i s  ev i dent a s  a s i gnet-ri ng  
shaped area of dens i ty ,  i mmedi ate ly  dorsal to  the 
ma i n  pul monary artery branches ( o pen arrowhead ) . 
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D I SCUSS I ON 

The ab i l i ty of the eye to recogn i se a pattern o r  departure from 

norma l i ty i n  a radi ograph i s  l a rge ly  dependant u pon pri or knowl edge 

that such a pattern or departure can ex i st (Mi l ne ,  1 9 73 ) . Anatomi ca l 

descri pti ons of rad i og raph i ca l ly v i s i b l e  structures , a l though 

pot2nt i a l ly  i mportant i n  formu l ati ng  rad i o l og i c a l  d i agnosti c 

cri teri a ,  mu st  a l so be cons i dered w i th some cauti on i n  the l i ght  

of techni ca l  l i m i tati ons of equ i ne thoraci c  rad i ography . Because 

i t  i s  only pos s i b l e to obta i n  radi og raphs i n  a s i ng l e  p l ane  

wi thout resorti n g  to  anaesthes i a  and s pec i a l  pos i ti on i ng , 

confu s i on may a ri se i n  i nterpretat ion  of thorac i c rad i og raphs . 

I t  may be pos s i b l e to i s ol ate areas of abnorma l i ti es by taki ng 

rad i ographs from both s i des of the thorax and re ly i ng  on the 

geometri c di storti on and magni fi cat i on of the structures i n  the 

l u n g  nearest to the X -ray tube to i so l ate the affected a reas 

rather tr.an resorti ng to ventro-corsa �  p roject i on s . 

Spec i e s  d i fferences must  not be overl ooked when cons i deri n g  

equ i ne thoraci c rad i ographs . I n  parti cu l ar ,  the l arge c upo l a 

shaped di aphragm of the horse redu ces  the l un g  area v i s i b l e 

on the l atera l rad i ograph , emphas i s i ng the need to take exposures 

of max i ma l  i nspi rati on . McDonel l e t .�. , ( 1979 ) have demonstrated 

that a s i gn i fi cant proporti on of the d i aphragmati c peri phery of 

the l ungs i s  unab l e  to be v i sua l i sed s i nce i t  over l i es the abdomi na l  

contents caudal and  ventral  to  the  d i aphragmat i c a rch . 

I t  i s  a l so i mportant to recogn i se that a far g reater number of 



generati ons of vas cu l ar  structures are v i s i b l e  i n  the horses 

1 u n g  when compared to dog or human chest X -rays . Th i s  i s  due 

9 1  

t o  a 1 most  equ i va l ent  deta i l bei ng  poss i b l e  wi th the fi l m ,  s creen 

comb i nati ons coup l ed wi th the much g reater s i ze of the same structures 

i n  the horse . S i m i l ar ly  owi n g  to the phys i ca l  th i ckness of the 

b ronch i a l wa l l s these s tructu res are eas i ly v i s i b l e  down to the  

4th or 5th generati on i n  the norma l horse , and  may on ly  be 

obscured i n  cases of  mi l d  i ncrease i n  l u n g  den s i ty before the 

wel l known changes associ ated wi th peri bronchi a l  cuffi n g  became 

evi dent . V i s i b i l i ty of the same structu res i n  human and can i n e  

l ungs  i s  rare wi th the  excepti on of patho l ogi ca l  processes or 

age changes such as 1 1 o l d dog l ung " ( Suter and Lord , 1974 ) . 

The re l at i ve i mportance of the vascu l ar  and  i ntersti ti a l  parenchyma 

i n  produci ng the d i ffuse peri phera l  dens i ty of the l ung  rema i n s  

t o  b e  accuratel y  reso l ved . Superimpo s i ti on  of the two l ungs  

i ncreases the  d i ffi c u l t i es i n  deci d i n g  the rel ati ve i mportance 

of  the two components . Carefu l scru ti ny of the peri phera l  a reas  

away from obvi ous  vessel s demons trates a f i ne reti cu l a -nodu l ar 

pattern not seen i n  c an i ne thora c i c  rad i og raphs but sometimes 

a l l u ded to i n  the human l i teratu re . Rumi nant l u ngs  by contra s t  

demonstrate a very d i s ti ncti ve reti cu l ar pattern often suffi c i ent ly  

obv i ou s  to  ob scure even  re l ati vely l a rge vascu l ar branches . 

Th i s vari ati on i n  parenchymal  
·
pa ttern obv i ous  on the radi ogra ph s  

a ppears t o  paral l e l  c l osely the anatomi ca l and h i s to l og i ca l  

characteri sti cs o f  the l ungs o f  vari ous  s peci es s tud i ed by 

t-klaugh l i n  et .�. , ( 1 96 1 )  who p l aced human and horse l u ngs  

i n  an  i ntermedi ate g roup between carni vores a nd rumi nants 



when cons i deri n g  the supporti ng  structu res of the l ung  

;:; a re n c hyma . 

Al �ernati ve l y ,  superimpos i t i on of fi ne  vascu l ature i n  the 

l a tera l proj ecti on may be s u ffi ci ent to exp l a i n the reti cu l ar 

pattern observed i n  the l un g  parenchyma . Fu rther study i s  

requ i red to resol ve thi s questi on , s i n ce i t  has  some beari n g  

o n  the i nterpreta ti on of the earl y s tages of d i ffuse i ncreases  

i n  l u ng  den s i ty .  
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CONCLUS ION 

, 

The techn i ques d escri bed for rad i ograph i c  exami nati on of 

the equ i ne  thorax i n  th i s  thes i s  a s sume the ava i l ab i l i ty 

cf Xray equ i pment of suffi c i ent generator and tube capac i ty 

to perform l ateral  thorac i c rad i ographs i n  adu l t horses . 

P l a i n  thorac i c radi og raphy and  bronchography i n  the horse 

are rel ati vely s i mpl e to perform and provi ded adequate 

pati ent restra i n t  i s  app l i ed , good qua l i ty radi og raphs  can be 

obta i ned . 

By contras t ,  pu l monary ang i og raphy , to h i gh l i ght  the pu l monary 

a rteri a l  sys tem i n  the consci ous horse , p roved extremely d i ffi c u l t 

to perform a nd can not be recommended . Si mi l ar ly , fume fi xati o n  

o f  equ i ne l u ngs was a s l ow d i ffi cu l t process , owi n g  to the l a rg e  

vol ume o f  formal i n  necessary a n d  the probl ems encountered 

i n  control l i ng i nfl at i on of adu l t  equ i ne l ungs . 

Morpho l og i ca l ly ,  the equ i ne l ung  a ppears s imi l ar to i ts human 

counterpart i n  subgross structure wh i ch tends to l ead  to the 

fa l se as sumpti on of abso l ute s i mi l ari ty .  Rad i ographs  of 

equ i ne l ungs fol l ow i n g  post mortem fume fi xati on  and vascu l ar 

i nfi l trati on wi th contrast agents demons trated that the vascu l ar 

branch i ng pattern s een i n  human pu lmonary vesse l s cannot b e  

d i rectly compared t o  the equ i ne pu l monary vascu l ar  bed . I n  fac t , 

an  anomal ous s i tuati on i s  apparent i n  wh i ch the equ i ne arteri a l  

and  venous branch i ng  systems demonstrate the oppos i te bran ch i ng 

patterns to thei r human counterparts . Thus i n  the horse  the  

arteri a l  pattern i s  predomi nantly monopoda l and b l ocky i n  



appearance wh i l e  the venous system i s  d i sti nct ly  d i chotomous  

e. r; c  s;nooth ly  taperi ng , s i mi l a r to  the  human a rteri a l  system . 

Equ i n e pu l monary va scul ature does however seem to fo l l ow ,  

wi th respect  to the a i rways , a course s i mi l ar to that  of other 

spec i es , i . e .  the major vesse l s and  bronchi form a tri ad 

as  they extend peri phera l ly from the cari na . The major  b ronchus  

i s  centra l l y  l ocated wi th the  pu l monary vei n ventromed i a l  and  

the pu l monary artery dorsol atera l to  the  a i rway . Th i s  

feature i s  i mportant when i nterpreti ng  thorac i c  rad i ographs  

of certa i n  horses in  wh i ch a l l three structures ment i oned seem 

to be extremely c l ose ly re l ated and d i ffi cul t to i so l ate 

i ndi vi dual ly . 

The method of performi ng bronchography i n  the consc i ous hors e , 

devel oped for th i s  study , proved extremely s imp l e and  re l i ab l e .  

The techni que was economi c and appeared to be safe for mu l ti p l e 

u se  i n  the same an i mal , produci ng bronchograms of sati sfactory 

detai l and reso l u ti on . Probl ems of de l ayed  exposure time and  

cough i ng  fol l owi n g  contrast  i nsuffl at i on  coul d be e l i mi nated 

as operator experi ence i mproved . The adopt i on of  bari um s u l phate 

9 4  

i n  powder form obv i ated many of the techni ca l  d i ffi cu l t i es encountered 

wi th aqueous so l u t i ons such as pool i ng of contra st a gents i n  the 

a l veol i and potenti a l  toxi c i ty resul t i ng from the use  of 

i od i nated materi a l s .  The qual i ty and d i agnosti c usefu l ness of 

bronchograms thus obtai ned a ppeared equal  to those recorded i n  the 

o n l y  other s tudy on equ i ne bronchography w i th the added advantag e  

o f  not requ i ri n g  anaesthes i a  of the a n i ma l . The probl em of 



p o o r  fi l l i ng of the dorsa l  a i rways , owi ng to g ravi tat i ona l  effects , 

i s  however ac knowl edged . Marked i mprovement can however be 

expected as  mod i fi cati ons to the present  techn i ques a re made 

i n  future c l i n i ca l  appl i cat i ons . 

Seri a l  radi og raphs fo l l ow i n g  bronchographi c exami nat i on , 

and subsequent h i stol ogi ca l exami nati on of post bronchograph i c  

l ung secti ons  i nd i cated that the contras t  agent i s  e l i mi nated 

rapi d ly  wi th l i tt l e  or no res i dua l  materi a l  rema i n i ng to evoke 

an i nfl ammatory response . 

Apart from enab l i ng accurate characteri s ati on  of the bronchi a l  

tree , bronchography revea l ed what appeared to be a major 

vari at i on between an ima l s i n  bronch i a l  s i ze and  branch i ng 

patterns especi a l ly  i n  the sma l l er generat i on of a i rways . 

Whether th i s  refl ects an actua l  d i fference i n  anatomi cal  

branch i ng pattern or was the resu l t  of wi de ly  varyi n g  degrees 

of broncho-constri cti on i n  res por1 s e  to the bari urn s u l phate 

was not reso l ved i n  th i s  study . C l early , more research 

i nto these factors i s  necessary before concl u s i ons  can be 

d rawn . 

The i denti fi cati on and apprec i ati on of the d i spos i t i on of 

soft ti ssue and  bony structuies  requ i res an accurate 

pri or knowl edge of thoraci c rad i ograph i c  a natomy . The 

essenti a l  l i n ks  i n  prov i d i ng thi s  anatom i c a l  and stru ctu ra l  

deta i l were the correl ati ve s tud i e s  o f  bronchography and  

pu l monary arteri og raphy . Thi s study has shown that a greater 

n umber of generati ons  of pu l monary arteri e s , ve i ns a nd  bronch i 

9 5  
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c a r.  be accurately i denti fi ed i n  the horse than the correspon d i ng 

featu res i n  other s pec i es on the p l a i n  l atera l projecti on 
, 

ot the thorax . Thi s  knowl edge has  i mportant i mp l i cati on s  

i n  the deve l opment of  rad i o l og i ca l  i nterpretati ve cr i teri a .  

The scope of thi s study has  through pra cti ca l  neces s i ty been 

restri cted to the norma l equ i ne thorax wi th no attempt to 

d i gress  i nto rad i ograph i c  features a s soci ated wi th l u ng  

d i sorders . 

I t  wou l d  however be perti nent for a further study to be made 

i nto the rad i ography of d i sea sed horse l ungs , u s i n g  the 

materi a l  p resented here as a ba s i s  for a natomi ca l deta i l ,  

wi th speci a l  emphas i s  bei ng  centred on  the compari son  of 

rad i o l og i ca l  " s i g ns 1 1 or  "patterns " associ ated wi th 

resp i ratory d i sease i n  the horse \'li th that of other s peci es . 
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